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AN EXPERIMENTAL STUDY OP ORAL AND NASAL AIR FLOW 
DURING PLOSIVE CONSONANT PRODUCTION
CHAPTER I 
INTRODUCTION
S i n c e  v a l i d  ju d g m e n ts  o f  sp e e c h  d e f e c t i v e n e s s  c a n n o t  
be  made w i t h o u t  a c l e a r  u n d e r s t a n d i n g  o f  n o rm a l  s p e e c h ,  i t  i s  
i m p o r t a n t  t h a t  s p e e c h  p a t h o l o g i s t s  have  r e f e r e n c e  t o  m e a s u r e ­
ment  d a t a  c o n c e r n i n g  a s  many p a r a m e t e r s  o f  n o rm a l  s p e e c h  a s  
p o s s i b l e .  B e c a u se  o f  t h e  c o m p l e x i t y  o f  s p e e c h ,  h o w e v e r ,  i t  
i s  n o t  p o s s i b l e  t o  i n v e s t i g a t e  t h e  t o t a l  p r o c e s s  i n  a  s i n g l e  
s t u d y ;  r a t h e r ,  i t  i s  n e c e s s a r y  t o  c o n s i d e r  one a s p e c t  o f  t h e  
p r o c e s s  a t  one t i m e . Viewed a s  a  p h y s i c a l  phenomenon,  s p e e c h  
may be  a r b i t r a r i l y  d i c h o t o m i z e d  i n t o :  (1 )  t h e  a c o u s t i c
s i g n a l ,  and (2 )  t h e  u n d e r l y i n g  p h y s i o l o g i c a l  e v e n t s  w h ic h  
p r o d u c e  t h i s  s i g n a l .
I t  may be n o t e d  t h a t  o b j e c t i v e  s t u d y  o f  t h e  a c o u s t i c  
s i g n a l  has  b e e n  a c c e l e r a t e d  b y  t h e  a d v e n t  o f  r e c o r d i n g  
i n s t r u m e n t a t i o n  and t h e  s u b s e q u e n t  d e v e lo p m e n t  o f  d e v i c e s  f o r  
a n a l y z i n g  t h e  s i g n a l .  A l th o u g h  u s e f u l  i n f o r m a t i o n  may be 
o b t a i n e d  by a n a l y s i s  o f  t h e  a c o u s t i c  s p e e c h  s i g n a l ,  t h i s  
a n a l y s i s  c a n n o t  be d e p en d e d  upon t o  r e v e a l  t h e  n a t u r e  o f  t h e
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u n d e r l y i n g  p h y s i o l o g i c a l  p r o c e s s e s  w h ich  p ro d u ce  i t .
P e t e r s o n  (^0 )  has  p o i n t e d  out  t h a t :
While  t h e  a c o u s t i c a l  wave o f  s p e e c h  i s  a  u n i - d i m e n -  
s i o n a l  p r e s s u r e  f u n c t i o n  o f  t i m e ,  t h e  a n a l y s i s  o f  
t h i s  wave i n t o  i t s  e s s e n t i a l  a c o u s t i c a l  p a r a m e t e r s  
i s  a  complex and  d i f f i c u l t  p r o c e s s .  T h ese  a c o u s t i c a l  
p a r a m e t e r s  do n o t  i n  g e n e r a l  have a  s i m p le  a n d  d i r e c t  
c o r r e s p o n d e n c e  t o  t h e  p h y s i o l o g i c a l  p a r a m e t e r s .  In  
a d d i t i o n ,  d i s t u r b i n g  n o i s e  i s  n o r m a l l y  a d d e d ,  so  t h a t  
t h e  a c o u s t i c a l  s i g n a l  i s  a  somewhat i n c o m p l e t e  and 
d e g r a d e d  r e p r e s e n t a t i o n  o f  t h e  p h y s i o l o g i c a l  a c t i v i t y  
W ith  s p e c i a l  i n s t r u m e n t a t i o n ,  i n  f a c t ,  i t  may be 
e a s i e r  t o  o b s e r v e  c e r t a i n  a s p e c t s  o f  t h e  p h y s i o l o g i ­
c a l  a c t i v i t y  d i r e c t l y  r a t h e r  t h a n  t h r o u g h  a n a l y s i s  
o f  t h e  a c o u s t i c a l  w ave .
I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t o  u n d e r s t a n d  t h e  p h y s i o l o g i c a l  
p r o c e s s e s  u n d e r l y i n g  s p e e c h  sound  p r o d u c t i o n ,  i t  may b e  b e s t  
t o  s t u d y  t h e s e  p r o c e s s e s  more d i r e c t l y .
In  r e c e n t  y e a r s ,  s t u d y  o f  t h e  s p e c i f i c  p h y s i o l o g i c a l  
e v e n t s  u n d e r l y i n g  sp e e c h  h as  a l s o  r e c e i v e d  im p e tu s  f rom  
im provem en ts  i n  t h e  d e s i g n  and a p p l i c a t i o n  o f  r e s e a r c h  i n s t r u ­
m e n t a t i o n .  F o r  ex am p le ,  n o t a b l e  p r o g r e s s  h a s  b e e n  made i n  
t h e  u t i l i z a t i o n  o f  x - r a y  and h i g h  sp e e d  p h o t o g r a p h i c  t e c h ­
n i q u e s  i n  e v a l u a t i n g  t h e  f u n c t i o n  o f  t h e  velum and t h e  v o c a l  
f o l d s ,  r e s p e c t i v e l y .  In  s p i t e  o f  t h e  f a c t ,  h o w e v e r ,  t h a t  a l l  
s p e e c h  so u n d s  a r e  t h e  r e s u l t  o f  m o d i f i c a t i o n s  o f  t h e  e x p i r a ­
t o r y  b r e a t h  s t r e a m ,  r e l a t i v e l y  few  a n a l y s e s  o f  t h e  a i r  s t r e a m  
i t s e l f  have  b een  m ade .
S tu d y  o f  t h e  a i r  f l o w s  u t i l i z e d  i n  s p e e c h  i s  o f  
i n t e r e s t  i n  t h a t  i t  may p r o v i d e  f u n d a m e n ta l  i n f o r m a t i o n  c o n ­
c e r n i n g  t h e  p h y s i o l o g y  o f  sound  p r o d u c t i o n .  Such i n f o r m a t i o n  
i s  u s e f u l ,  n o t  o n l y  b e c a u s e  i t  i s  b a s i c  t o  an u n d e r s t a n d i n g  
o f  n o rm a l  s p e e c h ,  b u t  a l s o  b e c a u s e  d e f i c i e n c i e s  i n  o r  p o o r
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c o n t r o l  o f  t h e  e x p i r e d  a i r  f low  can r e s u l t  in  s p e e c h  d i s o r ­
d e r s .  S in c e  e r r o r s  i n  c o n s o n a n t  p r o d u c t i o n  a r e  among t h e  
m ost  p e r v a s i v e  o f  s p e e c h  p r o b l e m s ,  q u a n t i t a t i v e  i n f o r m a t i o n  
c o n c e r n i n g  t h e  a i r  f l o w s  u t i l i z e d  in  p r o d u c t i o n  o f  t h e s e  
so u nd s  b y  n o rm a l  s p e a k e r s  c o u ld  be e x p e c t e d  t o  be u s e f u l  in  
u n d e r s t a n d i n g  t h e  m i s a r t i c u l a t i o n s  p r e s e n t  i n  t h e  speech 
p a t h o l o g i e s .  F u r t h e r ,  b e c a u s e  m o d i f i c a t i o n s  i n  t h e  a i r  
s t r e a m  in  s p e e c h  a r e  r e l a t e d  t o  t  he v a l v i n g  a c t i o n  o f  t h e  
a r t i c u l a t i n g  o r a l  and  p h a r y n g e a l  a t r u c t u r e s ,  q u a n t i f i c a t i o n  
o f  t h e s e  v a r i a t i o n s  may b e  u s e f u l  i n  i n v e s t i g a t i o n s  o f  t h e  
v a l v i n g  a c t i o n  o f  t h e  a r t i c u l a t o r s .  M easurem ent  o f  t h e  r e ­
l a t i o n s h i p  b e tw een  o r a l  and n a s a l  a i r  f lo w  In  t h e  p r o d u c t i o n  
o f  v a r i o u s  s p e e c h  s a m p l e s ,  f o r  e x a m p le ,  c o u ld  b e  e x p e c t e d  t o  
a i d  i n  t h e  u n d e r s t a n d i n g  o f  v e l a r  f u n c t i o n  d u r i n g  s p e e c h .
In  t h i s  r e s p e c t ,  s i m u l t a n e o u s  m e a s u r e s  o f  t h e  o r a l  and  n a s a l  
b r e a t h  s t r e a m s  d u r i n g  t h e  no rm al  p r o d u c t i o n  o f  p r e s s u r e  c on ­
s o n a n t s  w ou ld  be  o f  p a r t i c u l a r  v a l u e  In  t h a t  su c h  d a t a  m ig h t  
be  s u b s e q u e n t l y  a p p l i e d  In  s t u d i e s  o f  c o n s o n a n t  m l s a r t i c u l a -  
t i o n s  a s s o c i a t e d  w i t h  v e l a r  p a t h o l o g y .
The p r e s e n t  s t u d y  was c o n c e r n e d  w i t h  m easu rem en t  o f  
o r a l  and  n a s a l  a i r  f l o w  i n  n o rm a l  s p e e c h .  I t  was u n d e r t a k e n  
b e c a u s e  o f  t h e  p a u c i t y  o f  r e s e a r c h  r e l a t i n g  t o  t h i s  s u b j e c t ,  
and b e c a u s e  o f  t h e  i m p o r t a n c e  o f  o b j e c t i v e  d a t a  c o n c e r n i n g  
o r a l  and n a s a l  a i r  f l o w  t o  s p e e c h  p a t h o l o g i s t s  and  p h o n e t i ­
c i a n s .  S p e c i f i c a l l y ,  t h e  s t u d y  was an i n v e s t i g a t i o n  o f  o r a l  
and  n a s a l  a i r  f lo w  i n  t h e  p r o d u c t i o n  o f  p l o s i v e  c o n s o n a n t s  
i n  v a r i o u s  s y l l a b l e  a n d  vowel c o n t e x t s .  A r e v i e w  o f  r e l a t e d
l i t e r a t u r e ,  t h e  p l a n  o f  t h e  s t u d y ,  t h e  f i n d i n g s ,  and t h e  
c o n c l u s i o n s  o f  th e  s t u d y  may be fo u n d  in  t h e  f o l l o w i n g  
c h a p t e r s •
CHAPTER I I  
REVIEW OF LITERATURE
Long b e f o r e  sp e e c h  was f i r s t  s t u d i e d  e x p e r i m e n t a l l y ,  
o b s e r v e r s  were aware  o f  a d e p e n d e n t  r e l a t i o n s h i p  be tw een  
v a r i a t i o n s  in  b r e a t h i n g  and sp e e c h  q u a l i t y »  A w areness  o f  
t h i s  r e l a t i o n s h i p  l e d  t o  t h e  f o r m a t i o n  o f  many i m a g i n a t i v e  
t h e o r i e s  a b o u t  t h e  ’p r o p e r "  t y p e  o f  b r e a t h i n g  f o r  s p e e c h  
( 2 1 ) ,  E x p e r i m e n t a l  s t u d i e s  ( 1 3 ,  1 9 , 26 , ^2 )  c o n d u c te d  t o  t e s t  
t h e s e  t h e o r i e s  f a i l e d  t o  s u p p o r t  t h e  c o n c e p t  t h a t  t h e r e  i s  a 
p r e f e r r e d  t y p e  o f  b r e a t h i n g  f o r  s p e e c h .  I n d i r e c t l y ,  t h e y  
i n d i c a t e d  a  need  f o r  s y s t e m a t i c  c o l l e c t i o n  o f  d e t a i l e d  
o b j e c t i v e  d a t a  c o n c e r n i n g  a i r  f l o w  in  s p e e c h .
A r e v i e w  o f  c u r r e n t  l i t e r a t u r e  r e v e a l s  a d e f i c i e n c y  
o f  m easu rem en t  d a t a  r e g a r d i n g  a i r  f l o w  in  s p e e c h  sound  p r o ­
d u c t i o n ,  Those  s t u d i e s  w h ich  have p u r p o r t e d  t o  m easu re  a i r  
f l o w  i n  sp e e c h  h a v e ,  f o r  t h e  most p a r t ,  i n v o l v e d  m easu rem en t  
o f  t h e  i n t e g r a l  c u r v e  o f  a i r  f l o w  ( t o t a l  a i r  v o l u m e ) ,
P l e i s c h  ( 1 1 ) ,  how ever ,  has  p o i n t e d  o u t  t h a t  t h e  I n t e g r a l  
c u r v e  d o e s  n o t  p e r m i t  a n a l y s i s  o f  t h e  a i r  f l o w  i n  sp e e c h  i n  
s u f f i c i e n t  d e t a i l .  He has  s u g g e s t e d  t h a t  I t  w ou ld  be  a d v a n ­
t a g e o u s  t o  m ea su re  i n s t e a d  t h e  d i f f e r e n t i a l  c u r v e ,  i . e . ,  t h e  
c u r v e  show ing  t h e  sp e e d  o f  a i r  f lo w  a t  e a c h  i n s t a n t .  To d a t e ,
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t h e r e  have been  f e w  su c h  s t u d i e s .  S t u d i e s  in  w h ic h  o r a l  and 
n a s a l  a i r  f lo w  have been  c o n s i d e r e d  s i m u l t a n e o u s l y  b u t  s e p a ­
r a t e l y  have  a l s o  been  few .
R e p o r t s  o f  e x p e r i m e n t a l  i n v e s t i g a t i o n s  o f  a i r  f lo w  
in  s p e e c h  a r e  fo u n d  p r i m a r i l y  in  t h e  l i t e r a t u r e  o f  s p e e c h  
p a t h o l o g y  and p h o n e t i c s .  In  t h i s  p r e s e n t a t i o n ,  t h e  r e l e v a n t  
l i t e r a t u r e  i s  p r e s e n t e d  u n d e r  two m a j o r  h e a d i n g s :  (1 )  s p e e c h
and t h e  r e s p i r a t o r y  p r o c e s s ,  and (2 )  r e s p i r a t o r y  a i r  m e a s u r e ­
ment .
Speech  and The R e s p i r a t o r y  P r o c e s s
T h ere  i s  g e n e r a l  a g re e m e n t  among a u t h o r i t i e s  ( 1 ,  l i j ,  
20 , 2 1 ) t h a t  t h e  p r i m a r y  p u r p o s e  o f  r e s p i r a t i o n  i s  t o  p r o v i d e  
f o r  m e t a b o l i c  gas  e x c h a n g e ,  and  t h a t  sp e e c h  i s  a  f u n c t i o n  
w h ich  h a s  b e en  s u p e r im p o s e d  on t h e  r e s p i r a t o r y  mechanism i n  
t h e  c o u r s e  o f  e v o l u t i o n a r y  d e v e l o p m e n t .  A c o r o l l a r y  o f  t h i s  
c o n c e p t  o f  a r e s p i r a t o r y  f u n c t i o n a l  h i e r a r c h y  i s  t h e  b e l i e f ,  
e x p r e s s e d  by  Gray  and Wise ( ^ ) , t h a t  t h e  v o c a l  mechanism 
h a s  n o t  b een  and w i l l  n e v e r  be m o d i f i e d  t h r o u g h  e v o l u t i o n  t o  
p e r f o r m  t h e  s e c o n d a r y  s p e e c h  f u n c t i o n  more e f f i c i e n t l y *  
R e g a r d l e s s  o f  t h e  v a l i d i t y  o f  t h e s e  c o n c e p t s  o f  an e v o l u t i i o n -  
a r y  r e l a t i o n s h i p  b e tw een  s p e e c h  a nd  r e s p i r a t i o n  f o r  l i f e ,  
even c a s u a l  o b s e r v a t i o n  r e v e a l s  t h a t  t h e  a c t  o f  s p e a k i n g  
r e q u i r e s  m o d i f i c a t i o n  o f  t h e  v e g e t a t i v e  r e s p i r a t o r y  p a t t e r n *
In  t h i s  s e c t i o n ,  r e l e v a n t  f i n d i n g s  and  o b s e r v a t i o n s  r e g a r d i n g  
s p e e c h  and  r e s p i r a t i o n  a r e  r e p o r t e d .
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R e s p i r a t o r y  Rato  
R e s p i r a t o r y  r a t e  may be c o n s i d e r e d  t o  be t h e  r a t e  a t  
which  c o m p le te  b r e a t h i n g  c y c l e s  ( i n s p i r a t i o n  p l u s  e x p i r a t i o n )  
o c c u r .  In  r e s t  b r e a t h i n g ,  t h e  r a t e  i s  b a s i c a l l y  d e t e r m i n e d  
by  m e t a b o l i c  r e q u i r e m e n t s .  H e f f n e r  ( ] ^ ,  p p .  1 2 -13 )  h a s  
s t a t e d  t h a t  :
The r a t e  o f  r e s p i r a t i o n  when t h e  body  i s  a t  r e s t  i s  
d e t e r m i n e d  by  t h e  r e q u i r e m e n t s  o f  t h e  b l o o d  s t r e a m .  
Whenever t h e  c o n t e n t  o f  c a r b o n  d i o x i d e  i n  t h e  b l o o d  
r e a c h e s  t h e  c r i t i c a l  p o i n t ,  t h e  n e r v e s  w h ic h  c a u s e  
t h e  d iap h rag m  t o  o o n t r a c t  a r e  a u t o m a t i c a l l y  s t i m u ­
l a t e d  a n d  new a i r  i s  b r e a t h e d  i n *  On t h e  w h o l e ,  
t h e  n o rm a l  r a t e  o f  b r e a t h i n g  ( f o r  a d u l t s )  may be  
s a i d  t o  r a n g e  f rom  10 t o  20 i n h a l a t i o n s  p e r  m i n u t e .
The r e s t  b r e a t h i n g  r a t e  v a r i e s  w i t h i n  and  among i n d i v i d u a l s
( ^ ) ,  ho w ev er ,  a c c o r d i n g  t o  body  p o s i t i o n ,  body  t y p e ,  t h e
e m o t i o n a l  s t a t e  o f  t h e  i n d i v i d u a l ,  s e x ,  a g e ,  and o t h e r
f a c t o r s  a f f e c t i n g  m e t a b o l i c  r e q u i r e m e n t s .
D u r i n g  b r e a t h i n g  a t  r e s t ,  t h e  r a t i o  o f  i n s p i r a t o r y
t o  e x p i r a t o r y  t im e  i s  a p p r o x i m a t e l y  u n i t y  (1%* J2.» J i »  #
T h e re  i s  u s u a l l y  a  p a u s e  b e tw ee n  i n s p i r a t o r y  a n d  e x p i r a t o r y
p h a a e s ,  a l t h o u g h  t h e  p a u s e  may d i s a p p e a r  a l t o g e t h e r  when t h e
r e s p i r a t o r y  r a t e  i s  i n c r e a s e d  o r  when t h e  r e l a t i v e  s p e e d  o f
e x p i r a t i o n  i s  r e d u c e d  ( ^ ) . While  t h e  r e s p i r a t o r y  r a t e  i s
r e l a t i v e l y  c o n s t a n t  d u r i n g  r e s t  b r e a t h i n g ,  i t  i s  d e t e r m i n e d
p r i m a r i l y  by  t h e  n a t u r e  o f  t h e  u t t e r a n c e  d u r i n g  s p e e c h .
H e f f n e r  (1%) h a s  i n d i c a t e d  t h a t  sp e e c h  i s  c h a r a c t e r i z e d  b y
more o r  l e s s  c l o s e l y  i n t e g r a t e d  sound  s e q u e n c e s  b e tw ee n  e a c h
two o f  w h ich  t h e  s p e a k e r  t a k e s  i n  a new b r e a t h .  H e n c e ,  t h e
r a t e  o f  sp e e c h  b r e a t h i n g  v a r i e s  c o n s i d e r a b l y .  G e n e r a l l y ,  t h e
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e x p i r a t o r y  p h a s e  o f  r e s p i r a t i o n  i s  l e n g t h e n e d  i n  sp e e c h  w h i l e  
t h e  i n s p i r a t o r y  p h a se  i s  s h o r t e n e d ,  a l t h o u g h ,  a s  P e t e r s o n  
(29)  h as  r e p o r t e d ,  t h e  r a t i o  o f  e x h a l a t o r y  t o  i n h a l a t o r y  t im e  
may e x t e n d  f rom u n i t y  t o  e x t r e m e s  o f  f o r t y  t o  f i f t y .  T y p i c a l  
r a t i o s  r e p o r t e d  f o r  n o rm a l  c o n v e r s a t i o n a l  s p e e c h  l i e  b e tw ee n  
f i v e  and t e n .
The r a t e  o f  r e s p i r a t i o n  d u r i n g  s p e e c h  i s ,  t h e r e f o r e ,  
determine(% p r i m a r i l y  by m e t a b o l i c  r e q u i r e m e n t s  a n d ,  s e c o n d a r ­
i l y ,  by t h e  n a t u r e  o f  t h e  u t t e r a n c e .  The m ost  o b v io u s  c h an ge  
i n  t h e  r e s p i r a t o r y  p a t t e r n  i n  s p e e c h  i s  a  g e n e r a l  t e n d e n c y  t o  
l e n g t h e n  t h e  e x p i r a t o r y  p h a s e  and t o  s h o r t e n  t h e  i n s p i r a t o r y  
p h a s e .
R e s p i r a t o r y  Volume
R e s p i r a t o r y  vo lum es  a r e  c o n v e n t i o n a l l y  m ea su re d  by  
means o f  s p i r o m e t r y ,  K a p la n  ( ^ ) ,  su m m a r iz in g  t h e  r e s u l t s  
o f  num erous  s p i r o m e t r i c  s t u d i e s ,  has  r e p o r t e d  t h a t ,  f o r  
a d u l t s ,  t h e r e  i s  a  m a i n t a i n e d  r e s e r v o i r  o f  a b o u t  3 ,0 0 0  cc  
o f  a i r  i n  t h e  l u n g s  a t  a l l  t i m e s  w h ich  i s  known as  s t a t i o n a r y  
a i r *  D u r in g  r e s t  b r e a t h i n g ,  a b o u t  500 cc  o f  t i d a l  a i r  e n t e r  
and l e a v e  t h e  p u lm o n a ry  p a s s a g e s .  By f o r c i n g ,  a b o u t  1 , 5 0 0  cc 
o f  c o m p le m e n ta l  a i r  c an  be i n s p i r e d  i n  e x c e s s  o f  t h e  t i d e .
I n  f o r c e d  e x p i r a t i o n  a b o u t  1 ,5 0 0  cc  o f  a i r  i n  e x c e s s  o f  t h e  
t i d e  c a n  be e x h a l e d .  T h is  i s  c a l l e d  s u p p l e m e n t a l  a i r  and  i s  
t h a t  p o r t i o n  o f  t h e  s t a t i o n a r y  a i r  which  c a n  be e x h a l e d  by 
f o r c i n g ,  I h e r e  i s ,  how ever ,  an a d d i t i o n a l  1 ,5 0 0  cc o f  s t a t i o n ­
a r y  a i r ,  c a l l e d  r e s i d u a l  a i r ,  w h ic h  c a n n o t  be f o r c e d  o u t  by any
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e x p i r a t i o n .  Tb# t o t a l  l u n g  c a p a c i t y  l a  a b o u t  5000 c c ,  t h a  
aum o f  t b e  t l d a l ,  c o m p le m e n ta l ,  and  a t a t l o n a r y  a i r .
A n o th e r  n e a a u r e ,  v i t a l  c a p a c i t y ,  l a  o f t e n  c o n a l d e r e d  
b e c a u a e  o f  t h e  e a a e  w i t h  wbicb  i t  can  be  a a s e s a e d  and I t a  
u s e f u l n e s s  In  e v a l u a t i n g  r e s p i r a t o r y  f u n c t i o n .  V i t a l  c a p a ­
c i t y  i s  t h e  amount o f  a i r  t h a t  can  be  e x p e l l e d  b y  an i n d i ­
v i d u a l  a f t e r  a s  deep  an i n s p i r a t i o n  a s  p o s s i b l e ,  and i s  
e q u a l  t o  t h e  aum o f  t h e  t i d a l ,  c o m p le m e n ta l ,  and  s u p p l e m e n t a l  
a i r .  V i t a l  c a p a c i t y  m e a su re m e n ts  a r e  u s u a l l y  r e d u c e d  t o  
s t a n d a r d s  b a s e d  on an i n d i v i d u a l ' s  s u r f a c e  a r e a .  K aplan  
( 21) h a s  r e p o r t e d  t h a t  t h e  s t a n d a r d  i s  a p p r o x i m a t e l y  
2 ,6 0 0  cc  o f  a i r  p e r  s q u a r e  m e t e r  f o r  a d u l t  m a l e s ,  and 2 ,0 0 0  
cc p e r  s q u a r e  m e t e r  f o r  a d u l t  f e m a l e s .
V i k s e l l  ( ^ )  s t u d i e d  t h e  maximum amount o f  a i r  t h a t  
c o u ld  b e  i n h a l e d  o r  e x h a l e d  when a b d o m i n a l ,  m e d i a l ,  and 
t h o r a c i c  t y p e s  o f  b r e a t h  c o n t r o l  were  employed and  when no 
a t t e m p t  was made t o  c o n t r o l  t h e  t y p e  o f  r e s p i r a t i o n .  H is  
m e a su re m e n ts  were  made b y  means o f  a  s p i r o m e t e r  an d  pneumo­
g r a p h s  c o n n e c t e d  t o  s p e c i a l l y  d e s i g n e d  l i n e a r  t a m b o u r s .  He 
f o u n d  t h a t  " U n c o n t r o l l e d "  r e s p i r a t i o n  i s  c o n d u c i v e  t o  a  
g r e a t e r  volume o f  b r e a t h  movement t h a n  any  o f  t b e  s p e c i a l  
t y p e s  o f  b r e a t h i n g  s t u d i e d .  Gray ( IJ^ ) , on t h e  b a s i s  o f  a 
number o f  s t u d i e s  done  u n d e r  h i s  d i r e c t i o n ,  c o n c l u d e d  t b â t  
t h e  amount o f  a i r  a c t u a l l y  u s e d  in  b r e a t h i n g  i s  s m a l l ,  and 
t h a t  t h e  a v e r a g e  q u a n t i t y  o f  a i r  w h ich  p a s s e s  i n t o  and  o u t  o f  
t h e  l u n g s  d u r i n g  a  s i n g l e  r e s p i r a t o r y  c y c l e  i s  u s u a l l y  no more 
t h a n  a b o u t  t h i r t y  c u b i c  i n c h e s ,  o r  a b o u t  t h i r t e e n  p e r c e n t  o f
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t h e  v i t a l  c a p a c i t y .  He n o t e d ,  ho w ev er ,  t h a t  t h i s  f i g u r e  
v a r i e s  c o n s i d e r a b l y ,  r a n g i n g  from a p p r o x i m a t e l y  f i v e  t o  
t h i r t y - f i v e  p e r  c e n t  o f  t h e  v i t a l  c a p a c i t y .
Gray a l s o  n o t e d  t h a t  t h e  amount o f  a i r  u s e d  i n
u t t e r i n g  a s i n g l e  p h r a s e  ( t h e  amount o f  a i r  t h a t  i s  a c t u a l l y
t a k e n  i n t o  t h e  l u n g s  a t  one t im e  i n  r e a d i n g  and s p e a k i n g )  i s  
g e n e r a l l y  l i t t l e  more t h a n  t h a t  u se d  i n  r e s t  b r e a t h i n g .  He 
c o n c l u d e d ,  on t h e  b a s i s  o f  h i s  r e s e a r c h ,  t h a t  t h e r e  i s  no 
e v id e n c e  t h a t  p e r s o n s  who u s e  a l a r g e  amount o f  t i d a l  a i r ,  
e i t h e r  i n  a c t u e l  volume o r  i n  p r o p o r t i o n  t o  v i t a l  c a p a c i t y ,  
h av e  b e t t e r  v o i c e s  o r  a r e  b e t t e r  s p e a k e r s  t h a n  t h o s e  who u se  
l e e s  t i d a l  a i r ,  a c t u a l l y  o r  p r o p o r t i o n a t e l y .  F u r t h e r m o r e ,
I d o l  ( 1 9 ) ,  one o f  G r a y ' s  s t u d e n t s ,  r e p o r t e d  t h a t  more t h a n
o n e - h a l f  o f  a g ro up  o f  II4.O s u b j e c t s  b r e a t h e d  more d e e p l y  f o r  
" l i f e  p u r p o s e s "  t h a n  f o r  s p e e c h .  She a l s o  fo u n d  t h a t  an 
i n d i v i d u a l  who u se d  a l a r g e  p e r c e n t a g e  o f  h i s  v i t a l  c a p a c i t y  
i n  c a s u a l  b r e a t h i n g  was a l s o  l i k e l y  t o  u se  a  l a r g e  p e r c e n t a g e  
o f  h i s  v i t a l  c a p a c i t y  i n  s p e a k i n g .
The r e s e a r c h  c i t e d  s u g g e s t s  t h a t  t h e r e  i s  c o n s i d e r a b l e  
v a r i a t i o n  among i n d i v i d u a l s  w i t h  r e s p e c t  t o  t h e  amount o f  a i r  
u t i l i z e d  a t  r e s t  and  d u r i n g  s p e e c h .  However, t h e  volume o f  
a i r  n e e d e d  f o r  s p e e c h  a p p a r e n t l y  does  n o t  u s u a l l y  e x c e e d  t h a t  
n e e d e d  t o  s a t i s f y  m e t a b o l i c  r e q u i r e m e n t s ,  and ,  a s  Gray and  
Wise ( ^ )  have  i n d i c a t e d ,  t h e r e  i s  no e v id e n c e  t h a t  q u a l i t y  
o f  t o n e ,  s t r e n g t h  o f  t o n e ,  o r  a b i l i t y  t o  c o n t r o l  t h e  
s t r e n g t h  o f  t o n e  i s  i n  any  way d e p e n d e n t  upon t h e  amount o f  
a i r  one c a n  draw i n t o  t h e  l u n g s .
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Type» o f  B r e a t h i n g  D u r in g  Speech  
P r i o r  t o  t h e  a c c u m u l a t i o n  o f  r e s e a r c h  d a t a ,  i t  was 
p o p u l a r l y  t h o u g h t  t h a t  c e r t a i n  t y p e s  o f  b r e a t h i n g  were p r e ­
f e r a b l e  i n  s p e e c h .  K ap lan  ( ^ ,  p .  10^)  has  n o t e d  t h a t :
The u p p e r  and lo w e r  c h e s t  m u s c le s  may be a c t i v a t e d  
a l m o s t  I n d e p e n d e n t l y  i n  b r e a t h i n g ,  and h i s t o r i c a l l y  
a rg u m e n ts  a r o s e  o v e r  w h ich  t y p e  was p r e f e r a b l e  f o r  
s p e e c h .  Many F re n c h  w o rk e r s  o f  t h e  e a r l y  n i n e t e e n t h  
c e n t u r y  e m p h a s iz e d  u p p e r - c h e s t  b r e a t h i n g .  I n  1805  
H a n d le ,  a  F r e n c h  p h y s i c i a n ,  a t t a c k e d  t h i s  v iew ,  and  
h i s  c o u n t e r p r o p o s a l  f o r  a b d o m in a l  b r e a t h i n g  was 
c a r r i e d  t o  an e x t r e m e  by E n g l i s h  i n v e s t i g a t o r s .
Th ere  a r e  a l s o  a d v o c a t e s  o f  a  m e d i a l  b r e a t h i n g  
b e tw e e n  t h e  c h e s t  and  a b d o m in a l  t y p e s .
R e s e a r c h ,  h o w e v e r ,  f a i l e d  t o  s u p p o r t  t h e  c o n t e n t i o n  t h a t  any 
s p e c i a l  t y p e  o f  b r e a t h i n g  i s  s u p e r i o r  f o r  s p e e c h .  Gray (13)  
com pared  v o i c e  q u a l i t y  r a t i n g s  o f  s u b j e c t s  w i t h  t h e  e x t e n t  
o f  t h e i r  a b d o m in a l  and t h o r a c i c  movements d u r i n g  s p e e c h .
H i s  d a t a  showed no e s s e n t i a l  r e l a t i o n  b e tw ee n  ab d o m in a l  and  
t h o r a c i c  p re d o m in a n c e  and q u a l i t y  o f  v o i c e ,  S a l l e e  ( 3 2 ) ,  
s t u d y i n g  t h e  r e l a t i o n s h i p  b e tw ee n  d e p t h  and t y p e  o f  r e s p i r a ­
t i o n  and  a u d i b i l i t y  o f  s p e e c h ,  r e p o r t e d  no s i g n i f i c a n t  r e l a ­
t i o n s h i p  b e tw ee n  d e p t h  o f  r e s p i r a t i o n  o r  r e s p i r a t o r y  t y p e  
and s p e a k e r  a u d i b i l i t y .
By means o f  a l i n e a r  t a m b o u r .  P a r t r i d g e  ( 2 8 ) s t u d i e d  
t h o r a c i c ,  m e d i a l ,  and  a b d o m in a l  e x c u r s i o n s  d u r i n g  r e s p i r a t i o n .
He a n a l y z e d  t h e  b r e a t h i n g  movements o f  100 l u b j e c t s  g r o u p e d  
a c c o r d i n g  t o  body t y p e .  F i f t y  e c to m o rp h s  and  f i f t y  endomorphs 
were  s t u d i e d  d u r i n g  f i v e  d i f f e r e n t  r e s p i r a t o r y  c o n d i t i o n s :  
" v e g e t a t i v e  b r e a t h i n g  i n  t h e  s u p i n e  p o s i t i o n ;  v e g e t a t i v e  b r e a t h ­
i n g  i n  t h e  s t a n d i n g  p o s i t i o n ;  b r e a t h i n g  i n  t h e  r e a d i n g
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s i t u a t i o n ;  b r e a t h i n g  In  t h e  s p e a k i n g  s i t u a t i o n ;  and f o r c e d  
r e s p i r a t i o n . "  P a r t r i d g e  fo u n d  a p red o m in an c e  o f  m e d ia l  
b r e a t h i n g  among b o t h  e c to m o rp h s  and endomorphs f o r  a l l  
c o n d i t i o n s  e x c e p t  t h e  s u p i n e  p o s i t i o n ,  where a b d om ina l  move­
m en ts  p r e d o m i n a t e d .  The r e l a t i v e  e x t e n t  o f  ab d o m in a l  e x c u r ­
s i o n  and  th e  f r e q u e n c y  w i t h  which  ab do m ina l  movements p r e ­
d o m in a te d  were fo u n d  t o  be g r e a t e r  among e c to m o rp h s  t h a n  
among endom orphs .  I t  was c o n c l u d e d  t h a t  t h e  h a b i t u a l  r e s p i ­
r a t o r y  p a t t e r n  I s  r e l a t e d  t o  g e n e r a l  body t y p e .
I n  a  r e v i e w  o f  s t u d i e s  o f  r e s p i r a t o r y  movement,  
P e t e r s o n  { ^ ,  p .  1^3)  c o n c lu d e d  t h a t :
The s t u d i e s  I n d i c a t e  t h a t  r e s p i r a t o r y  movements a r e  
h i g h l y  com plex  I n  c h a r a c t e r  and a r e  p r o b a b l y  r e ­
l a t e d  I n  some d e g r e e  t o  body t y p e .  They a l s o  
i n d i c a t e  v e r y  l i t t l e  r e l a t i o n s h i p  b e tw ee n  sp e e c h  
c h a r a c t e r i s t i c s  o r  q u a l i t i e s  and  t y p e s  o f  r e s p i r a ­
t o r y  movement o r  c o n t r o l  as  m e a s u re d  by  pneumo- 
g r a p h i c  d i s p l a c e m e n t s .
I t  i s  a p p a r e n t  f ro m  t h e  above t h a t  a do g m at ic  I n s i s t e n c e  on
s p e c i a l  t y p e s  o f  b r e a t h i n g  f o r  sp e e c h  i s  n o t  j u s t i f i e d  by
t h e  r e s e a r c h  which  h a s  been  c a r r i e d  o u t  t o  t h i s  t i m e .
E x p e n d i t u r e  o f  A i r  I n  Speech  
E x h a l a t i o n  o f  a i r  f rom  t h e  l u n g s  r e s u l t s  f rom a 
d e c r e a s e  I n  t h e  a n t e r o p o s t e r i o r ,  v e r t i c a l ,  and l a t e r a l  
d i m e n s i o n s  o f  t h e  r i b  c a g e ,  e f f e c t e d  p r i m a r i l y  by  t h e  con­
t r a c t i o n  o f  t h e  a b d o m in a l  m u s c l e s .  The s p a c e  a v a i l a b l e  f o r  
t h e  l u n g s  I n  t h e  t h o r a c i c  c a v i t y  I s  d e c r e a s e d ,  and  t h i s  
c a u s e s  a  p r e s s u r e  t o  be e x e r t e d  a g a i n s t  th em .  The i n c r e a s e  
i n  p r e s s u r e  f o r c e s  a  p a r t  o f  t h e  a i r  o u t  o f  t h e  l u n g s
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p r o d u c i n g  th e  e x h a l a t o r y  a i r  s t r e a m .  S in c e  t h e  l u n g s  a r e  n o t  
m u s c u l a r ,  t h e y  do n o t  a c t i v e l y  a s s i s t  i n  r e s p i r a t i o n .
I n  p o i n t  o f  f a c t ,  t h e  i n t r a t h o r a c i c  p r e s s u r e  d u r i n g  
e x h a l a t i o n  i s  n o t  p o s i t i v e  w i t h  r e s p e c t  t o  a t m o s p h e r i c  
p r e s s u r e .  R a t h e r ,  i t  i s  m e r e l y  l e s s  n e g a t i v e  d u r i n g  e x h a l a ­
t i o n  t h a n  i t  i s  d u r i n g  i n s p i r a t i o n .  K ap lan  ( ^ ,  p .  106) 
has  i n d i c a t e d :
The i n t r a t h o r a c i c  p r e s s u r e  i s  a lw ay s  n e g a t i v e ,  "Riis 
i s  b e c a u s e  t h e  t h o r a x ,  w h ic h  i s  a  c l o s e d  cham ber ,  
expan d s  a t  b i r t h  and p e r m a n e n t l y  r e d u c e s  i t s  i n t e r n a l  
p r e s s u r e .  M o re o v e r ,  t h e  l u n g s  s t r e t c h ,  and  b e i n g  
e l a s t i c ,  t e n d  t o  p r o d u c e  a c o n t i n u o u s  p u l l  away f rom  
t h e  c h e s t  w a l l .  These  f a c t o r s  e x p l a i n  a p e rm a n e n t  
n e g a t i v e  p r e s s u r e ,  wh ich  i s  a b o u t  5  mm a t  t h e  end  o f  
e x p i r a t i o n .  W ith  e a c h  i n s p i r a t i o n  t h e  t h o r a x  e x pan d s  
more t h a n  t h e  l u n g s  do ,  and t h e  i n t r a t h o r a c i c  n e g a ­
t i v i t y  i n c r e a s e s  t o  a b o u t  10 mm b e lo w  a t m o s p h e r i c  
p r e s s u r e .  T h i s  c h a n g in g  n e g a t i v i t y  p r e v e n t s  c o l l a p s e  
o f  t h e  l u n g s ,  and i t  i s  a l s o  r e s p o n s i b l e  f o r  t h e  
r h y th m ic  e x p a n s i o n  and c o m p r e s s i o n  o f  t h e  l u n g s .
F o r  t h e  m o s t  p a r t ,  t h e  l u n g s  a r e  c o n t r o l l e d  b y  t h e  
t h o r a c i c  m ovem ents .
W ith  r e s p e c t  t o  a t m o s p h e r i c  p r e s s u r e ,  t h e  a i r  p r e s s u r e  w i t h i n  
t h e  l u n g s  i s  s l i g h t l y  n e g a t i v e  d u r i n g  i n s p i r a t i o n ,  and  
s l i g h t l y  p o s i t i v e  d u r i n g  e x h a l a t i o n .
The p r e s s u r e  o f  a i r  w i t h i n  t h e  l u n g s  and r e s p i r a t o r y  
p a s s a g e s  i s  known a s  t h e  p u lm o n a ry  o r  i n t r a p u l m o n i c  p r e s s u r e .  
A c c o rd in g  t o  K ap lan  ( ^ ) , t h i s  p r e s s u r e  i s  a t m o s p h e r i c  a t  r e s t  
s i n c e  t h e  r e s p i r a t o r y  p a s s a g e s  communica te  f r e e l y  w i t h  t h e  
a i r .  A n e g a t i v e  p r e s s u r e  o f  two t o  t h r e e  m i l l i m e t e r s  (be low  
760  mm m e rc u ry )  i s  d e v e l o p e d  d u r i n g  i n s p i r a t i o n ,  and  a  p o s i ­
t i v e  p r e s s u r e  o f  two t o  t h r e e  m i l l i m e t e r s  i s  d e v e l o p e d  
d u r i n g  e x p i r a t i o n .  The v a r i a t i o n s  i n  s p e e c h  a r e  g r e a t e r
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s i n c e  t h e  p r e s s u r e s  a r e  b u i l t  up a g a i n s t  t h e  c l o s e d  o r  p a r ­
t i a l l y  c l o s e d  g l o t t i s .  Even s o ,  K a p lan  h a s  i n d i c a t e d  t h a t  
" t h e  b l a s t  p r e s s u r e s  employed i n  s p e e c h  a r e  n o t  v e r y  g r e a t , ” 
P e t e r s o n  ( ^ ,  p .  II4.I) has  n o t e d  t h e  p a u c i t y  o f  r e s e a r c h  
r e g a r d i n g  i n t r a p u l r c o n i c  p r e s s u r e s  d u r i n g  s p e e c h .  He s t a t e d  
t h a t :
One would e x p e c t  t h a t  when s p e e c h  i s  p r o d u c e d ,  t h e  
s u b l a r y n g e a l  p r e s s u r e s  must  somewhat e x c e e d  t h o s e  
f o r  c a s u a l  b r e a t h i n g .  Such d r i v i n g  p r e s s u r e s  would  
l i k e l y  be r e q u i r e d  b o t h  f o r  p h o n a t i o n  a n d  f o r  a r t i ­
c u l a t i o n ,  However, t h e r e  a p p e a r  t o  be few q u a n t i t a ­
t i v e  m easu rem en ts  o f  i n t r a p u l m o n i c  p r e s s u r e s  d u r i n g  
s p e e c h .
S t e t s o n  and H udgins  (1 ^ )  s t u d i e d  b r e a t h i n g  w i t h  
r e s p e c t  t o  s y l l a b l e  p r o d u c t i o n .  T h e i r  s t u d y  i n d i c a t e d  t h a t ,  
i n  r e s t  b r e a t h i n g ,  a i r  i s  e x p e l l e d  t h r o u g h  p r e s s u r e  c a u s e d  
by t h e  w e i g h t  and e l a s t i c i t y  o f  t h e  s t r u c t u r e s  d i s p l a c e d  by 
i n s p i r a t o r y  m u s c l e s .  F o r c e d  e x p i r a t i o n  i s  e f f e c t e d  c h i e f l y  
by  t h e  c o n t r a c t i o n  o f  t h e  a b d o m in a l  w a l l  m u s c u l a t u r e .  I n  
b r e a t h i n g  f o r  s p e e c h  where more  t h a n  2 , 5  t o  4  s y l l a b l e s  p e r  
s e co n d  a r e  u t t e r e d ,  t h e  ab d o m in a l  m u s c l e s  a re  h e l d  r i g i d  
a n d  f i x a t e  t h e  i n f e r i o r  b o r d e r  o f  t h e  r i b  c a g e .  I n  t h i s  way 
t h e y  a f f o r d  r e s i s t a n c e  f o r  t h e  m u s c u l a r  p u l s e s  a c c o m p l i s h e d  
by  t h e  i n t e r n a l  i n t e r c o s t a l  m u s c l e s .  These  i n v e s t i g a t o r s  
u s e d  t h e  t e r m  " c h e s t  p u l s e ” t o  i n d i c a t e  t h e  b r e a t h i n g  move­
m en ts  g e n e r a t e d  by  t h e  c o s t a l  m u s c le s  i n  b u i l d i n g  up  t h e  
p r e s s u r e  n e e d e d  t o  a c t i v a t e  t h e  v o c a l  f o l d s .  A c c o r d i n g  t o  
S t e t s o n  and H u d g in s ,  t h e  c h e s t  p u l s e  o c c u r s  w i t h  e a c h  
s y l l a b l e .
The a i r  f l o w  f rom  t h e  l u n g s  d u r i n g  s p e e c h  i s
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g o v e rn e d  by t h e  a r t i c u l a t i n g  l a r y n g e a l  and o r a l  s t r u c t u r e s .
The f i r s t  o f  t h e s e  s t r u c t u r e s  e n c o u n t e r e d  by t h e  moving  a i r
s t r e a m  d u r i n g  p r o d u c t i o n  o f  v o i c e d  sounds  i s  t h e  v o c a l  f o l d s .
On t h e  b a s i s  o f  t h e i r  r e s e a r c h ,  R u s s e l l  and C o t t o n  p .
5 6 ) r e p o r t e d  t h a t :
S t r o b o s c o p i c  e x a m i n a t i o n  o f  t h e  v o c a l  c o r d s  has  
shown d e f i n i t e l y  t h a t  t h e  v o c a l  c o r d s  a r e  c o m p l e t e l y  
c l o s e d  f o r  a c e r t a i n  s h o r t  l e n g t h  o f  t im e  d u r i n g  
e a c h  p e r i o d  o f  ( t h e i r )  v i b r a t i o n .  The d u r a t i o n  o f  
t h i s  c o n t a c t  p h a s e  v a r i e s  fi*om a f r a c t i o n  o f  t h e  
t im e  d u r i n g  w h ic h  t h e  g l o t t i s  i s  open ,  t o  o v e r  
t w i c e  t h e  d u r a t i o n  o f  t h e  open p h a s e ,  d e p e n d i n g  on 
t h e  p i t c h ,  q u a l i t y ,  and  l o u d n e s s  o f  t h e  v o i c e d  
s o u n d ,  e t c .
As Van den  B erg  (L l ) h a s  i n d i c a t e d ,  t h e  e x a c t  way i n  which  
t h e  v o c a l  f o l d s  a r e  a c t i v a t e d  d u r i n g  s p e e c h  r e m a in s  a 
s u b j e c t  o f  d e b a t e .  The n e u r o - c h r o n m x ic  t h e o r y ,  o r i g i n a l l y  
s e t  f o r t h  by H u s so n ,  s u g g e s t s  t h a t  e a c h  o p e n in g  o f  t h e  
g l o t t i s  i s  s t a r t e d  by  a  c o n t r a c t i o n  o f  t h e  musc u i u s  
v o o a l i s .  The m y o e l a s t i c - a e r o d y n a m i c  t h e o r y ,  on t h e  o t h e r  
h a n d ,  p o s t u l a t e s  t h a t  t h e  v o c a l  f o l d s  a r e  a c t u a t e d  by  t h e  
s t r e a m  o f  a i r  d e l i v e r e d  by  t h e  l u n g s  and t r a c h e a .  B o g e r t  and  
P e t e r s o n  (6 , p .  lij.5) a p p e a r  t o  be  i n  a g re e m e n t  w i t h  t h e  
m y o e l a s t i c - a e r o d y n a m i c  t h e o r y  i n  t h a t  t h e y  have  i n d i c a t e d  
t h a t  o s c i l l a t i o n s  o f  t h e  v o c a l  f o l d s  a r e  d e t e r m i n e d  by t h e  
d r i v i n g  b u r s t s  o f  a i r  which  e s c a p e  p e r i o d i c a l l y  t h r o u g h  t h e  
g l o t t i s .  They have s t a t e d  t h a t :  "The b u r s t  r a t e  d e t e r m i n e s
t h e  f u n d a m e n ta l  f r e q u e n c y  o f  t h e  s ound,  a n d  i t  i s  w e l l  known 
t h a t  t h e  o s c i l l a t i o n s  w i t h i n  t h e  r e s o n a t o r s  above n e e d  have  
no  I n t e g r a l  r e l a t i o n s h i p  t o  t h e  v o c a l  c o r d  r a t e s , "
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R e g a r d l e s s  o f  th e  m anner  i n  w h ic h  t h e  v o c a l  f o l d s  
a r e  o p e n e d ,  d u r i n g  e a c h  open p h a s e  a m in u t e  p u f f  o f  a i r  i s  
e m i t t e d ,  R u s s e l l  a nd  C o t to n  p .  $6 ) m e a su re d  t h e  volume
o f  e a c h  p u f f  o f  a i r  by means o f  a s e n s i t i v e  s i x - l i t e r  s p i r o ­
m e t e r  d e s i g n e d  and c o n s t r u c t e d  by C o t t o n ,  These  r e s e a r c h e r s  
r e p o r t e d  t h a t  t h e r e  was " a  v e r y  n e a r l y  u n i f o r m  ' p u f f  v o lu m e ' 
i n  a  r a n g e  o f  more t h a n  one o c t a v e  i n  p i t c h  v a r i a t i o n , "
R ou d e t ,  who i s  c i t e d  by S c r i p t u r e  ( 3 3 ) ,  i n v e s t i g a t e d  
t h e  e x p e n d i t u r e  o f  a i r  p e r  s e c o n d  when t h e  vowel  [ a ]  was 
p r o d u c e d  a t  a  p i t c h  o f  a b o u t  C2 . He f o u n d  t h a t  " f e e b l e  
i n t e n s i t y "  u t i l i z e d  11  c c ;  "medium i n t e n s i t y " ,  17 c c ;  and 
" s t r o n g  i n t e n s i t y " ,  2^  c c .  On t h e  b a s i s  o f  t h e s e  f i n d i n g s ,  
J u d s o n  and Weaver ( ^ )  c o n c l u d e d  t h a t ,  i n  t h e  p r o d u c t i o n  o f  
i n d i v i d u a l  s p e e c h  s o u n d s ,  t h e  volume o f  a i r  e x p a n d e d  b e a r s  
a  d e f i n i t e  r e l a t i o n  t o  t h e  i n t e n s i t y  o f  so u nd  p r o d u c e d  and 
t h a t  an  i n c r e a s e  i n  i n t e n s i t y  r e s u l t s  f rom  a g r e a t e r  e s c a p e  
o f  a i r  due  t o  t h e  g r e a t e r  e x c u r s i o n  o f  t h e  v o c a l  f o l d s .
R u s s e l l  and  C o t t o n  (31)  a l s o  r e p o r t e d  an  i n c r e a s e  
i n  e x p e n d i t u r e  a s s o c i a t e d  w i t h  an i n c r e a s e  i n  v o c a l  i n t e n ­
s i t y  o f  t h e  vowel  [ a ] ,  a l t h o u g h  t h e  i n c r e a s e  was p r o p o r ­
t i o n a t e l y  s m a l l  i n  c o m p a r i s o n  t o  t h e  i n c r e a s e  i n  i n t e n s i t y .  
They fo u n d  t h a t  o n l y  t h i r t y  p e r  c e n t  more a i r  was r e q u i r e d  
f o r  t h e  maximum p o s s i b l e  v o c a l  i n t e n s i t y  t h a n  f o r  t h e  
n o rm a l  v o c a l  i n t e n s i t y  l e v e l ,  a  v o c a l  i n t e n s i t y  r a n g e  o f  
a p p r o x i m a t e l y  20 d e c i b e l s ,  K a p la n  ( ^ )  h a s  r e p o r t e d  t h a t  
t h e  m ost  e f f i c i e n t  s o u n d s ,  i n  t h e  s e n s e  t h a t  t h e y  r e q u i r e  
t h e  l e a s t  b r e a t h  e x p e n d i t u r e ,  a r e  v o w e l s .  The v o i c e l e s s
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f r i c a t i v e s ,  su c h  a s  [ f ]  and [ s ] ,  u se  t h e  most  b r e a t h  o u t p u t ,
A rn o ld  (_1, p .  3?)  h a s  r e p o r t e d  a s t u d y  by Lusch-
s l n g e r  I n  which  a p n e u m o ta c h o g ra p h  was u t i l i z e d  t o  s t u d y
t h e  volume o f  a i r  e x h a l e d  d u r i n g  p r o d u c t i o n  o f  t o n e s  by
s i n g e r s .  A c c o rd in g  t o  A rn o ld :
They [ t h e  s i n g e r s ]  p r o d u c e d  v a r i o u s  t o n e s  o f  t h e  
c h e s t ,  m i d d l e ,  and h e a d  r e g i s t e r s ,  and t r i e d  t o  
m a i n t a i n  e q u a l  l o u d n e s s  o f  e a c h  t o n e .  Many em p i r ­
i c a l  c o n c e p t i o n s  c o u l d  be c o n f i r m e d  o r  e l a b o r a t e d :
( 1 ) t h e  a i r  volume d e c r e a s e s  w i t h  r i s i n g  p i t c h ;
( 2 ) t h e  h e a d  v o i c e  t h u s  r e q u i r e s  a v e r y  s m a l l  a i r  
vo lum e;  (3 )  an  I n c r e a s e  o f  a i r  volume w i t h  r i s i n g  
p i t c h  I s  p a t h o l o g i c  ( t r e m o l o ,  d y s o d l a ,  e t c , ) ;  (I4.T 
t h e  a i r  volume grows w i t h  t h e  c o v e r i n g  o f  t o n e s ;
(5)  t h e  a i r  volume grows w i t h  I n c r e a s i n g  l o u d n e s s :  
weak low t o n e s  r e q u i r e  a s m a l l  volume, l o u d  low 
t o n e s  r e q u i r e  a  l a r g e  volume ; (6 ) h o w e v e r ,  t h e r e  
a r e  some p e c u l i a r  e x c e p t i o n s :  weak lo w  t o n e s
were  sung  w i t h  s m a l l  v o lu m e s ,  w h i l e  weak h i g h  t o n e s
r e q u i r e d  a  t i l g h e r  v o lu m e .
There  would  a p p e a r  t o  be a g r e e m e n t  among t h e  s t u d i e s  
c i t e d  t h a t  an I n c r e a s e  I n  v o c a l  I n t e n s i t y  I s  n o r m a l l y  
a cc o m p a n ie d  by an I n c r e a s e  I n  o r a l  a i r  f l o w ,  a l t h o u g h  t h e r e  
I s  an I n d i c a t i o n  t h a t  t h i s  f l o w  may be  p r o p o r t i o n a t e l y  
s m a l l e r  t h a n  t h e  I n c r e a s e  I n  i n t e n s i t y .  The r e l a t i o n s h i p  
b e tw ee n  p i t c h  c h an g e  and o r a l  a i r  f l o w  i s  l e s s  w e l l  d e f i n e d .
T here  a p p e a r s  t o  h a v e  b e e n  no  s t u d y  o f  n a s a l  a i r  f l o w  I n
r e l a t i o n  t o  e i t h e r  I n t e n s i t y  o r  p i t c h  c h a n g e .
More r e c e n t l y .  B l a c k  (^) s t u d i e d  I n t r a o r a l  a i r  
p r e s s u r e  r e q u i r e d  f o r  t h e  p r o d u c t i o n  o f  c e r t a i n  I s o l a t e d  
c o n s o n a n t s  and  c o n s o n a n t - v o w e l  c o m b i n a t i o n s .  I n  o r d e r  t o  do 
t h i s ,  he fo u n d  I t  n e c e s s a r y  t o  a d a p t  v a r i o u s  a i r c r a f t  I n s t r u ­
m en ts  t o  h i s  p u r p o s e s .  H i s  p r o c e d u r e  I n v o l v e d  p l a c i n g  a 
s m a l l  r u b b e r  t u b e  I n  t h e  a n t e r i o r  a r e a  o f  t h e  s u b j e c t ' s
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mouth» The tu b e  was c o n n e c t e d  t o  an a i r  p r e s s u r e  m e a s u r i n g  
a p p a r a t u s  so t h a t  a i r  p r e s s u r e  m ea su re m e n ts  c o u l d  be o b t a i n e d  
as  s u b j e c t s  spoke  s p e c i f i e d  sou n ds  and s y l l a b l e s .  B l a c k  
r e p o r t e d  t h a t  v o i c e d  c o n s o n a n t  so u n d s  were a s s o c i a t e d  w i t h  
s i g n i f i c a n t l y  l o w e r  I n t r a o r a l  p r e s s u r e s  t h a n  v o i c e l e s s  c o n ­
s o n a n t  sounds  « H is  d a t a  a l s o  s u g g e s t e d  t h a t  I n t r a o r a l  
b r e a t h  p r e s s u r e  I s  s i g n i f i c a n t l y  h i g h e r  f o r  c o n t i n u a n t  t h a n  
f o r  p l o s i v e  sou n ds  e x c e p t  when t h e s e  two t y p e s  o f  s p e e c h  
e l e m e n t s  o c c u r  I n  t h e  m id d l e  o f  a  sp o k e n  w o rd .  A l th o u g h  t h e  
d a t a  f rom  t h i s  s t u d y  have  b e e n  e x t e n s i v e l y  c i t e d .  B l a c k  ( 5)  
p o i n t e d  o u t  c e r t a i n  l i m i t a t i o n s  o f  h i s  a p p r o a c h .  He s t a t e d  
t h a t :
The m e c h a n i c a l  t e c h n i q u e  t h a t  was employed  i n  t h i s  
s t u d y  i s  s u b j e c t  t o  r e v i e w  i n  s u b s e q u e n t  a p p r o a c h e s  
t h a t  may u t i l i z e  l e s s  cumbersome e q u i p m e n t .  Ttiere 
was d o u b t l e s s  some d i s t o r t i o n  o f  no rm al  s p e e c h  due 
t o  t h e  r e a d e r s  h a v i n g  a  p r e s s u r e  t u b e  i n  t h e  m o u th .  
F u r t h e r m o r e ,  r e a d i n g  t h e  d i a l  o f  t h e  i n d i c a t o r  
I n v o l v e d  a p p r o x i m a t i o n s .
I n  a n o t h e r  s t u d y  o f  o r a l  a i r  p r e s s u r e s ,  G oddard  ( 1 2 ) 
r e p o r t e d  t h a t  o v e r  n i n e t y  p e r  c e n t  o f  h e r  sam ple  o f  f i v e - y e a r  
o l d  boys  and g i r l s  w i t h  n o rm a l  a r t i c u l a t i o n  c o u l d  a c h i e v e  
e i g h t  o u n c es  o r  more o f  i n t r a o r a l  b r e a t h  p r e s s u r e  a s  mea­
s u r e d  by an  o r a l  m a n o m e te r .  However, some o f  h e r  s p e a k e r s  
impounded o n l y  f i v e  oun ces  p e r  s q u a r e  i n c h  o f  b r e a t h  p r e s s u r e  
i n  p r o d u c t i o n  o f  p r e s s u r e  c o n s o n a n t s .
As i n d i c a t e d  by t h e  s t u d i e s  c i t e d  a b o v e ,  t h e  a u d i b l e  
speech  s i g n a l  i s  t h e  r e s u l t  o f  m o d i f i c a t i o n s  i n  t h e  e x h a l e d  
a i r  s t r e a m .  The p r o d u c t i o n  o f  p r e s s u r e  c o n s o n a n t s  i n v o l v e s  
t h e  g e n e r a t i o n  o f  a i r  p r e s s u r e s  b e lo w  t h e  l e v e l  o f  t h e
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g l o t t i s  f o r  a l l  v o i c e d  sounds and b e h in d  t h e  a r t i c u l a t i n g  
o r a l  s t r u c t u r e s  f o r  a l l  v o i c e l e s s  and many v o i c e d  s o u n d s .
The r e s e a r c h  p r e s e n t e d  s u g g e s t s  t h a t  t h e  r e l a t i o n s h i p  
be tw ee n  t h e  dynamic p r o c e s s  o f  a i r  p r e s s u r e  b u i l d - u p ,  
r e l e a s e ,  and  f lo w  i s ,  as  y e t ,  i l l - d e f i n e d  and l i t t l e  u n d e r ­
s t o o d .  Many a r e a s  o f  r e l a t i o n s h i p  b e tw e e n  e x p i r a t i o n  and 
s p e e c h  sound  p r o d u c t i o n  a r e  v i r t u a l l y  u n e x p l o r e d .  S in c e  
d e f e c t i v e  c o n s o n a n t  p r o d u c t i o n  i s  one o f  t h e  m os t  p e r v a s i v e  
o f  a l l  s p e e c h  p r o b l e m s ,  t h e r e  i s  a  p a r t i c u l a r  n e e d  t o  o b t a i n  
q u a n t i t a t i v e  i n f o r m a t i o n  r e g a r d i n g  o r a l  and n a s a l  e x p i r a t o r y  
a i r  f l o w  d u r i n g  n o rm a l  c o n s o n a n t  p r o d u c t i o n  t o  which  s i m i l a r  
d a t a  f rom  p e r s o n s  w i t h  s p e e c h  d i s o r d e r s  may be com p ared .  
A p p a r e n t l y ,  o f  t h o s e  c i t e 4  o n l y  t h e  s t u d y  by B l a c k  (^)  o f f e r s  
d a t a  r e g a r d i n g  t h i s  i n q i o r t a n t  s u b j e c t .
S p e e c h  D i s o r d e r s  Due t o  F a u l t y  B r e a t h  C o n t r o l
The s t u d y  o f  a i r  f lo w  i s  i m p o r t a n t ,  n o t  o n l y  b e c a u s e  
i t  i s  b a s i c  t o  n o rm al  s p e e c h  so u n d  p r o d u c t i o n ,  b u t  a l s o  
b e c a u s e  d e f i c i e n t  f l o w  o r  f a u l t y  c o n t r o l  o f  the  f l o w  can  
r e s u l t  i n  sp e e c h  d i s o r d e r s .  At t h e  p r e s e n t  t i m e ,  i t  i s  
known t h a t  f a u l t y  b r e a t h  s u p p o r t  a n d / o r  c o n t r o l  i s  a  f a c t o r  
i n  many s p e e c h  d i s o r d e r s ,  and i s  s u s p e c t e d  o f  b e i n g  a f a c t o r  
i n  o t h e r s ,
C a r r e l l  (^ )  c l a i m e d  t o  o b s e r v e  a  d i f f e r e n c e  b e tw ee n  
n o r m a l  and s p e e c h  d e f e c t i v e  c h i l d r e n  i n  v i t a l  c a p a c i t y .  He 
c o n c l u d e d  t h a t  s p e e c h  d e f e c t i v e  c h i l d r e n  a s  a  g ro up  were  
p h y s i c a l l y  i n f e r i o r  and  t h a t  t h e y  made p o o r e r  u se  o f  t h e i r
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s t r u c t u r a l  p o s s i b i l i t i e s .  S t e t s o n  (1^0) has  i n d i c a t e d  t h a t  
any f a i l u r e  i n  t i m i n g  b e tw een  t h e  c h e s t  p u l s e s  and  m u s c u l a r  
a c t i v i t i e s  a t  th e  g l o t t i s  may p ro d u ce  p h o n a t o r y  d i s o r d e r s .  
Hardy  ( i jb ) has r e c e n t l y  r e p o r t e d  d a t a  s u g g e s t i n g  t h a t  an 
i n a b i l i t y  t o  b u i l d  up  a d e q u a te  i n t r a o r a l  a i r  p r e s s u r e  due 
t o  d e f e c t i v e  v e l o p h a r y n g e a l  v a l v i n g  may c o n t r i b u t e  t o  t h e  
s p e e c h  d i f f i c u l t i e s  o f  some c e r e b r a l  p a l s i e d  c h i l d r e n .
S p e e ch  p ro b le m s  i n  t h e  c e r e b r a l  p a l s i e d  p o p u l a t i o n  have  
b e e n  t r a c e d  t o  i n a d e q u a t e  b r e a t h  s u p p o r t  f o r  s p e e c h ,  
asynchronous b r e a t h i n g ,  and t o  p o o r l y  t im e d  o r  i n a d e q u a t e  
v a l v i n g  o f  t h e  b r e a t h  s t r e a m  ( 1 6 ) ,  C o u n ih an ,  B z o ch ,  S t a r r  
( 1 0 , 2 » » and o t h e r s  have s u g g e s t e d  t h a t  an  i n a b i l i t y  t o
c o n t r o l  t h e  e x p i r a t o r y  b r e a t h  s t r e a m  due t o  d e f e c t i v e  v e l o ­
p h a r y n g e a l  v a l v i n g  u n d e r l i e s  many a r t i c u l a t i o n  e r r o r s  i n  t h e  
s p e e c h  o f  p e r s o n s  w i t h  t h e  c l e f t  p a l a t e ,  S p r i e s t e r s b a c h  a n d  
Powers ( 2 i )  have commented:
R e s e a r c h e r s  i n  t h e  a r e a  o f  c l e f t  p a l a t e  , , , have  
fou n d  t h a t  i n d i v i d u a l s  w i t h  c l e f t  p a l a t e s  m i s a r t i -  
c u l a t e  w i t h  g r e a t e s t  f r e q u e n c y  t h o s e  so u n d s  f o r  
which  o r a l  b r e a t h  p r e s s u r e  i s  h i g h e s t  f o r  n o rm a l  
s p e a k e r s .  These  f i n d i n g s  s u g g e s t  t h a t  c l e f t  p a l a t e  
s p e a k e r s  t y p i c a l l y  have  d i f f i c u l t y  b u i l d i n g  up 
enough a i r  p r e s s u r e  i n  t h e  o r a l  c a v i t y  f o r  t h e  
a d e q u a te  p r o d u c t i o n  o f  s p e e c h .
Van H a t tum  (I4..2) , i n  a s p i r o m e t r i c  s t u d y  o f  a i r  u s e d  
i n  p r o d u c t i o n  o f  s u s t a i n e d  v o w e l s ,  r e p o r t e d  t h a t  h i s  c l e f t  
p a l a t e  s u b j e c t s  u s e d  a g r e a t e r  p e r c e n t a g e  o f  t h e i r  a v a i l a b l e  
a i r  s u p p l y  d u r i n g  p h o n a t i o n  and had  lo w e r  v i t a l  c a p a c i t i e s  
t h a n  h i s  no rm al  s u b j e c t s ,  Mysak (26)  has  r e c e n t l y  a d v a n c e d  
t h e  t h e o r y  t h a t  one o f  t h e  c h i e f  c a u s e s  o f  t h e  syndrome
21
l a b e l e d  " c l e f t  p a l a t e  sp e ec h "  l e  t h e  deve lo p m e n t  o f  sp e e c h  
s k i l l s  on an "abn o rm a l  p n e u m a t i c  m a t r i x , "  Hess and McDonald 
( 1 8 ) I n v e s t i g a t e d  t h e  n a s a l  a i r  p r e s s u r e  a s s o c i a t e d  w i t h  
c o n s o n a n t  p r o d u c t i o n  I n  c l e f t  p a l a t e  s p e a k e r s ,  u t i l i z i n g  a 
TT-tube w a t e r  manometer  a s  an a i r  p r e s s u r e  m e a s u r i n g  d e v i c e .  
These  I n v e s t i g a t o r s  o b t a i n e d  n a s a l  m ano m et r lc  r e a d i n g s  f rom  
t w e n ty  c l e f t  p a l a t e  s p e a k e r s  a r t i c u l a t i n g  c o n s o n a n t - v o w e l  
m o n o s y l l a b l e s  and t r i s y l l a b l e s .  T h e i r  s t u d y  I n c l u d e d  t w e n t y -  
f o u r  c o n s o n a n t s  e a c h  combined  w i t h  t h e  vowel [ a ] .  They 
f o u n d  t h a t .  I n  t h e i r  c l e f t  p a l a t e  s u b j e c t s ,  " c o n s o n a n t s  
n o r m a l l y  r e q u i r i n g  g r e a t e r  I n t r a o r a l  p r e s s u r e  I n v o l v e  
g r e a t e r  n a s a l  p r e s s u r e  when a r t i c u l a t e d  by c l e f t  p a l a t e  
s p e a k e r s
T h i s  b r i e f  s u r v e y  o f  s p e e c h  p a t h o l o g y  l i t e r a t u r e  
i l l u s t r a t e s  t h e  need  f o r  a  c o m p re h e n s iv e  u n d e r s t a n d i n g  o f  
a i r  f l o w  phenomena,  n o t  o n l y  i n  no rm al  q p e a c h ,  b u t  I n  s p e e c h  
d i s o r d e r s  a s  w e l l .  The l i t e r a t u r e  c i t e d  i n d i c a t e s  t h a t  
l i t t l e  q u a n t i t a t i v e  d a t a  a r e  a v a i l a b l e  r e l a t i v e  t o  a i r  f l o w  
phenomena and  t h a t  d a t a  w h ich  a r e  a v a i l a b l e  h a v e  b e e n  o b t a i n e d  
w i t h  r e l a t i v e l y  I n s e n s i t i v e  I n s t r u m e n t a t i o n .
R e s p i r a t o r y  A i r  Measurement
R e c e n t  Im provem ents  have  b e e n  made I n  i n s t r u m e n t a t i o n  
d e s i g n e d  t o  m ea su re  t h e  a i r  u t i l i z e d  I n  s p e e c h .  These  improve* 
m e n t s  I n c l u d e  t h e  d e v e lo p m e n t  o f  i n s t r u m e n t s  c a p a b le  o f  mea­
s u r i n g  t h e  a i r  s t r e a n  d i r e c t l y  and c o n t i n u o u s l y ,  w i t h  m in im a l  
impedance  t o  t h e  f l o w .  In  t h e  f o l l o w i n g  p a g e s ,  r e p r e s e n t a t i v e
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t y p e s  o f  I n s t r u m e n t a  w h ich  have  b e en  em ployed  i n  t h e  mea­
s u r e m e n t  Ù1 a i r  f low  i n  s p e e c h  w i l l  be d e s c r i b e d .
S p i r o m e t e r s
The wet  s p i r o m e t e r ,  a s  d e s c r i b e d  by S t e e r  a nd  H a n ley  
( ^ ) , i s  a  t y p e  o f  g a s o m e t e r  w h ic h  i s  u s e d  w id e ly  t o  m easu re  
b r e a t h e d  a i r  v o lu m e .  T h is  d e v i c e  c o n s i s t s  o f  a m e t a l  t a n k  
f o r  a i r ,  an e x h a u s t  v a l v e  f o r  r e s e t t i n g ,  and  a s c a l e .  The 
i n s t r u m e n t  was i n v e n t e d  i n  I 8I4.9 by H u t c h i n s o n  and was d e ­
s c r i b e d  ( ^ ,  p .  1 8 3 ) a s  f o l l o w s :
The S p i r o m e t e r  i s  m e r e l y  a  v e s s e l  o r  r e c e i v e r ,  
i n v e r t e d  i n  a n o t h e r  v e s s e l ,  w h ic h  c o n t a i n s  w a t e r ,  
l i k e  an  i n v e r t e d  w ine  g l a s s  i n  a  t u m b l e r  o f  w a t e r ;  
by means o f  a  f l e x i b l e  t u b e ,  c o m m u n ic a t io n  i s  made 
w i t h  t h e  i n v e r t e d  r e c e i v e r ,  a n d  a i r  i s  b low n  i n t o  
i t .  The r e c e i v e r  t h e n  r i s e s ,  a s s i s t e d  b y  c o u n t e r ­
b a l a n c e  w e i g h t s ;  t h e  d e g r e e  o f  a s c e n t  b e i n g  a c c o r d ­
i n g  t o  t h e  volume o f  a i r  i n t r o d u c e d .  S u ch  i n s t r u ­
m en ts  have  b e e n  known a s  P u lm o m e te r s .
E xam ples  o f  t h e  u s e  o f  t h e  w e t  s p i r o m e t e r  i n  s p e e c h  r e s e a r c h  
may be f o u n d  i n  t h e  work o f  Van Hat tum  (4,2),  S p r e i s t e r a b a c h ,  
M o l l ,  and  M o r r i s  ( 3 L ) , and H ard y  ( I 6 ) , t o  name o n l y  a  f e w .
A d r y  s p i r o m e t e r  h a s  a l s o  b e e n  d e s i g n e d  r e c e n t l y .
The p r i n c i p l e  o f  o p e r a t i o n  o f  t h e  i n s t r u m e n t  i s  b a s i c a l l y  
t h a t  o f  a t u r b i n e  i n  t h a t  e x h a l e d  a i r  s t r i k e s  s m a l l  v a n e s  
c a u s i n g  t h e  v a n e s  t o  r o t a t e .  The r o t a t i o n  i s  r e g i s t e r e d  by 
a n e e d l e  on a c a l i b r a t e d  d i a l .  S t e e r  and  H a n le y  ( ^ )  i n d i c a t e  
t h a t  t h i s  i n s t r u m e n t  i s  much l e s s  cumbersome and s p a c e  co n ­
suming t h a n  t h e  wet  s p i r o m e t e r ,  b u t  t h a t  i t  a p p e a r s  t o  be 
l e s s  r e l i a b l e  and  more d e p e n d e n t  upon t h e  f o r c e  w i t h  w h ic h  
t h e  b r e a t h  i s  e x h a l e d .
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Tambours
Tambours f r e q u e n t l y  have b e en  employed i n  m e a s u r e ­
ment  o f  o r a l  a n d / o r  n a s a l  a i r  p r e s s u r e  i n  s p e e c h ,  and have  
a l s o  b e e n  u sed  i n  t h e  m easurem ent  o f  b o d i l y  movement d u r i n g  
r e s p i r a t i o n .  B a s i c a l l y ,  a tam bour  i s  a  d r u m -sh a p e d  a p p l i a n c e  
c o n s i s t i n g  o f  a c l o s e d  c y l i n d e r  w i t h  one end  c o v e r e d  by an 
e l a s t i c  membrane.  The a i r  t o  be m e a s u r e d  i s  p a s s e d  i n t o  
t h e  t am b o u r  by  means o f  a tubd, and t h e  i n c r e a s e  i n  p r e s s u r e  
b e h i n d  t h e  e l a s t i c  membrane d i s p l a c e s  i t  o u t w a r d .  G e n e r a l l y ,  
a  s t y l u s  i s  a t t a c h e d  t o  t h e  membrane by a m e c h a n i c a l  l i n k a g e ,  
and  t h e  movements o f  t h e  d iap h ra g m  a r e  t h u s  r e c o r d e d  on a 
kymograph o r  s i m i l a r  r e c o r d i n g  i n s t r u m e n t .  S c r i p t u r e  (33) 
s u g g e s t e d  t h e  u se  o f  t a m b o u rs  i n  t h e  e v a l u a t i o n  o f  v e l o p h a ­
r y n g e a l  v a l v i n g  a s  e a r l y  a s  1902,  and  i n d i c a t e d  t h a t  t h e  
a c t i o n  o f  t h e  velum may be s t u d i e d  by c o m p a r in g  t h e  b r e a t h  
c u r v e  f rom t h e  n o se  w i t h  t h a t  f rom  t h e  m o u th .  He s u g g e s t e d  
t h a t  t h i s  c o u l d  be done by  c o n n e c t i n g  a n a s a l  o l i v e  o f  
c o n v e n i e n t  s i z e  and a mouth t r u m p e t  w i t h  s m a l l  t a m b o u r s ,  t h e  
two tam b o ur  p o i n t s  b e i n g  s y n c h r o n o u s l y  r e g i s t e r e d .
P n e u m o tach og rap hs  
The p n e u m o ta c h o g ra p h ,  i n v e n t e d  by P l e i s c h  ( l l ) . i s  
an i n s t r u m e n t  f o r  m e a s u r i n g  t h e  v e l o c i t y  o f  r e s p i r a t o r y  a i r .  
The i n s t r u m e n t  i s  b a s e d  on t h e  p r i n c i p l e  t h a t ,  i n  an i n f l e x ­
i b l e  t u b e  w i t h  a n o n t u r b u l e n t  a i r  c u r r e n t ,  t h e  c u r r e n t  
volume i s  p r o p o r t i o n a l  t o  t h e  d i f f e r e n c e  i n  p r e s s u r e  be tw ee n  
two p o i n t s  i n  t h e  t u b e .  A c c u r a te  r e c o r d i n g  o f  t h i s  d i f f e r e n c e
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In  p r e s s u r e  y i e l d s  a v e l o c i t y  c u r v e ,  t h e  o r d i n a t e  v a l u e s
o f  w h ich  c o r r e s p o n d  t o  t h e  volume r a t e  o f  f l o w  p e r  u n i t  t i m e ,
P l e i s c h  ( ^ ,  p .  5 3 ) has p o i n t e d  o u t  t h a t  i t  i s
f r e q u e n t l y  a d v a n ta g e o u s  t o  r e c o r d  t h e  d i f f e r e n t i a l  c u r v e  o f
a i r  f low *  The c u rv e  shows t h e  s p e e d  o f  t h e  a i r  f low  a t
e a c h  i n s t a n t ,  r a t h e r  t h a n  t h e  I n t e g r a l  c u rv e  o f  t o t a l  volume
and m a n i f e s t s  d e t a i l s  which  a r e  n o t  a p p a r e n t  i n  t h e  I n t e g r a l
c u r v e ,  P l e i s c h  has i n d i c a t e d :
The o n ly  m ethod  which  i n d i c a t e s  how t h e  b r e a t h e d
a i r  c i r c u l a t e s  and  t h e  m a g n i tu d e  o f  t h e  f o r c e
e x e r t e d  by t h e  r e s p i r a t o r y  m u s c l e s  d u r i n g  t h e  
d i f f e r e n t  p h a s e s  o f  r e s p i r a t i o n  i s  t h e  r e c o r d i n g  
o f  t h e  sp e e d  o f  a i r  f l o w ;  t h i s  m e th o d  w i l l  a l s o  
t e l l  us  w h e t h e r  t h e r e  i s  a p a u s e  a t  t h e  e n d  o f  t h e  
I n s p i r a t i o n  o r  e x p i r a t i o n .
H o t -W ire  Anemometers 
The h o t - w i r e  p r o b e  o r  anemometer  i s  a  d e v i c e  w h ich  
may be u t i l i z e d  t o  m e a s u r e  a i r  f l o w  i n  s p e e c h  and  w as ,  i n  
f a c t ,  t h e  t y p e  o f  d e v i c e  which  was u t i l i z e d  i n  c o l l e c t i o n  
o f  d a t a  f o r  th e  p r e s e n t  r e s e a r c h .  The p r i n c i p l e s  o f  o p e r a ­
t i o n  o f  t h e  h o t - w i r e  anemometer  a n d  p r o b l e m s  a s s o c i a t e d  w i t h  
i t s  u se  h a v e  been  d i s c u s s e d  a t  l e n g t h  by L io n  ( ^ )  . T h is  
i n s t r u m e n t  f u n c t i o n s  on t h e  p r i n c i p l e  t h a t  a  s t r e a m  o f  a i r  
( o r  o t h e r  g a s )  w i l l  c o o l  a h e a t e d  w i r e  w i t h  a  known c o e f f e -  
c i e n t  o f  r e s i s t i v i t y  a t  a r a t e  p r o p o r t i o n a l  t o  t h e  gas  
v e l o c i t y .  The w i r e  u s e d  m ust  be v e r y  f i n e  and  have  a l a r g e  
c o e f f i c i e n t  o f  r e s i s t i v i t y .  N i c k e l  a nd  p l a t i n u m  a r e  s u i t a b l e  
m a t e r i a l s .  The w i r e ,  h e a t e d  by an e l e c t r i c  c u r r e n t ,  l a  
c o o l e d  by t h e  s t r e a m  o f  a i r  f l o w i n g  o v e r  i t .  The c o n s e q u e n t
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h e a t  l o s e  c a u s e s  a d e c r e a s e  o f  t h e  w i re  t e m p e r a t u r e  and
t h u s  o f  t h e  w i r e  r e s i s t a n c e .  L io n  (^2 ,  p p .  129-132)  h a s
i n d i c a t e d  t h a t :
The sy s te m  c a n  be u s e d  i n  two w ay s ,  e i t h e r  t h e  
h e a t e r  v o l t a g e  o r  t h e  h e a t e r  c u r r e n t  i s  k e p t
c o n s t a n t ,  and  t h e  r e s i s t a n c e  v a r i a t i o n s  o f  t h e
w i r e  a r e  u s e d  a s  a m e a su re  f o r  t h e  f lo w  v e l o c i t y  
o f  t h e  g a s  i n  t h e  v i c i n i t y  o f  t h e  p r o b e .  The 
t r a n s f e r  f u n c t i o n ,  r e s i s t a n c e  v a r i a t i o n  v e r s u s  
g a s  f lo w  v e l o c i t y ,  i n c r e a s e s  f i r s t  s t e e p l y  a nd ,  
a t  h i g h e r  v e l o c i t i e s ,  w i t h  g r a d u a l l y  d e c r e a s i n g  
s l o p e .  The m ethod  i s  s u i t a b l e  f o r  m easu rem en t  
o f  s m a l l  v e l o c i t i e s .  A l t e r n a t i v e l y ,  t h e  r e s i s t a n c e  
o f  t h e  w i r e ,  i . e .  i t s  t e m p e r a t u r e , i s  k e p t  c o n s t a n t  
by  v a r y i n g  t h e  h e a t e r  c u r r e n t  o f  t h e  v o l t a g e ,  and
t h e  c u r r e n t  o r  v o l t a g e  v a r i a t i o n s  a r e  u s e d  a s  a
m e a s u r e  o f  t h e  g a s  f l o w  v e l o c i t y .
The f i n e r  t h e  w i r e ,  t h e  f a s t e r  w i l l  i t  f o l l o w  a f a s t  v a r i a ­
t i o n  i n  f l o w  v e l o c i t y .  The d i a m e t e r  o f  w i r e s  u s e d  f o r  t h i s  
p u r p o s e  v a r i e s  from 0 . 1  m i l l i m e t e r  t o  t h e  m ic r o n  r a n g e .
L io n  h as  i n d i c a t e d  t h a t  p l a t i n u m - w o l l a s t o n  w i r e s  o f  a  t h i c k ­
n e s s  o f  t h e  o r d e r  o f  one mu r e s p o n d ,  i n  g e n e r a l ,  t o  g a s -
v e l o c i t y  f l u c t u a t i o n s  i n  t h e  f r e q u e n c y  r a n g e  o f  1 ,0 0 0  t o  
1 0 ,0 0 0  c p s .  He h as  s t a t e d  t h a t :  "The h o t - w i r e  m e th o d  i s
t h e  o n ly  m ethod  w h ich  p e r m i t s  t h e  l o c a l  m easu rem en t  o f  v e l o ­
c i t y  and v e l o c i t y  f l u c t u a t i o n s  i n  u n s t e a d y  f l o w .  I t  c a n  be 
u s e d  i n  f l o w  f i e l d s  w i t h  h i g h  g r a d i e n t s  and  f a s t  v a r i a t i o n s  
o f  v e l o c i t y . "  He h a s  a l s o  i n d i c a t e d  t h a t  t h e  m ethod  i s  
a p p l i c a b l e  f o r  f lo w  v e l o c i t i e s  r a n g i n g  f ro m  0 .5  c m /s e c  t o  
v e l o c i t i e s  i n  t h e  s u p e r s o n i c  r a n g e .
The h o t - w i r e  anemometer  i s  p a r t i c u l a r l y  s u i t a b l e  f o r  
m e a s u r i n g  t h e  d i f f e r e n t i a l  a i r  f l o w  c u r v e  i n  s p e e c h ,  s i n c e  
t h e  f lo w  i s  r a p i d l y  c h a n g in g  and r e q u i r e s  a n  i n s t r u m e n t  o f
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e x t r e m e  r e s p o n s e  s e n s i t i v i t y .  The anem o m e te r ’ s p r o p e r t y  o f  
r e s p o n d i n g  t o  a w ide  r a n g e  o f  f l o w  r a t e s  i s  a  d i s t i n c t  a d v a n ­
t a g e  i n  m e a s u r in g  t h e s e  v a r i a t i o n s .  A s e c o n d  a d v a n t a g e  i s  
t h a t  t h e  s e n s i n g  w i r e  o f  t h e  anemometer  i s  o f  e x t r e m e l y  
s m a l l  d i a m e t e r ;  t h e r e f o r e ,  t h e  a i r  f lo w  i n  s p e e c h  can  be  
m e a su re d  w i t h  n e g l i g i b l e  im pedance  t o  t h e  f l o w .
W ith  r e g a r d  t o  l i m i t a t i o n s  o f  t h e  s y s t e m .  L io n  ( 2 2 .  
p .  1 3 1 ) h a s  i n d i c a t e d  t h a t :
The t r a n s d u c e r  i s  a p p a r e n t l y  n o t  ( o r  v e r y  l i t t l e )  
i n f l u e n c e d  by  h u m i d i t y  a n d ,  a t  l e a s t  a t  s t e a d y  f l o w  
and low  v e l o c i t i e s ,  by  t h e  p r e s s u r e  o f  t h e  medium. 
B u t  t h e  t e m p e r a t u r e  o f  t h e  c o n d u i t  w a l l  c a n  be  a  
d i s t u r b i n g  i n f l u e n c e  i f  t h e  h o t  w i r e  i s  i n  c l o s e  
p r o x i m i t y  t o  t h e  w a l l  ( o r d e r  o f  2mm). T h i s  i n f l u ­
en ce  i s  r e d u c e d  a t  h i g h  g a s  v e l o c i t i e s .  E r r o r s  
a r e  a l s o  c a u s e d  by  t h e  d e p o s i t  o f  d i r t  o r  d u s t  upon  
t h e  w i r e ,  by  m e c h a n i c a l  s t r e s s  i n  t h e  w i r e ,  a n d  by
v i b r a t i o n  o f  t h e  s u s p e n s i o n  w i r e s  u n d e r  t h e  i n f l u ­
ence  o f  t h e  g a s - s t r e s s  i m p a c t .  F u r t h e r  e r r o r s  c a n  
be c a u s e d  b y  a v a r i a t i o n  o f  t h e  c o m p o s i t i o n  o f  t h e  
g a s  m i x t u r e .
A s u r v e y  o f  r e l e v a n t  l i t e r a t u r e  s u g g e s t s  t h a t  i n s t r u ­
m e n t s  w h ic h  h av e  b e e n  employed  p r e v i o u s l y  i n  t h e  m easu rem en t
o f  o r a l  and  n a s a l  a i r  f l o w  i n  s p e e c h  so u n d  p r o d u c t i o n ,  w i t h
t h e  e x c e p t i o n  o f  t h e  p n e u m o ta c h o g ra p h  and  t h e  h o t - w i r e  
anem ometer  have  one o r  more o f  t h e  f o l l o w i n g  d e f i c i e n c i e s :
(1)  do n o t  m ea su re  a i r  f l o w  f ro m  t h e  n o se  and  mouth  s i m u l ­
t a n e o u s l y ,  s e p a r a t e l y ,  and  c o n t i n u o u s l y ;  (2)  l a c k  t h e  s e n s i ­
t i v i t y  n e c e s s a r y  t o  d e t e c t  s u b t l e  c h a n g e s  i n  t h e  volume r a t e  
o f  a i r  f l o w  i n  s p e e c h  sound  p r o d u c t i o n ;  (3)  i n v o l v e  t h e  
i n t r o d u c t i o n  o f  f o r e i g n  o b j e c t s  i n t o  t h e  o r a l  and n a s a l  
c a v i t i e s ,  t h e r e b y  a l t e r i n g  n o rm a l  c o n d i t i o n s  so  t h a t  t h e  
d a t a  may be s u s p e c t e d  o f  b e i n g  c o n t a m i n a t e d  b y  t h e  m ethod
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o f  d a t a  c o l l e c t i o n ;  (I4.) I n v o l v e  s u b j e c t i v e  e x a m in e r  Judgm ents  
i n  d e t e r m i n i n g  m e a s u re m e n ts ;  and (5 ) do n o t  p r o d u c e  an a u t o ­
m a t i c a l l y  o b t a i n e d ,  p e rm a n en t  r e c o r d  o f  t h e  d a t a .
Summary
The l i t e r a t u r e  r e v i e w e d  i n  t h i s  c h a p t e r  i n d i c a t e s  
t h a t  c e r t a i n  g e n e r a l  r e l a t i o n s h i p s  b e tw ee n  r e s p i r a t i o n  and 
s p e e c h  have b e e n  d e f i n e d .  I t  i s  c l e a r  t h a t ,  i n  t h e  a c t  o f  
s p e a k i n g ,  t h e  e x p i r a t o r y  b r e a t h  s t r e a m  i s  m o d i f i e d  i n  s y s te m ­
a t i c  ways which  r e s u l t  i n  sp e e c h  so u n d  p r o d u c t i o n .  I t  i s  
a l s o  e v i d e n t  t h a t  t h e r e  a r e  c e r t a i n  m in im a l  r e s p i r a t o r y  
r e q u i r e m e n t s  f o r  no rm al  s p e e c h ,  s i n c e  s p e e c h  d i s o r d e r s  may 
r e s u l t  f rom i n a d e q u a t e  b r e a t h  s u p p o r t  o r  c o n t r o l .  However ,  
no p a r t i c u l a r  t y p e  o f  b r e a t h i n g  h a s  b e en  i d e n t i f i e d  a s  
b e i n g  p r e f e r a b l e  f o r  s p e e c h .  E l e c t r o n i c  i n s t r u m e n t s  s u i t a b l e  
f o r  m ak ing  f i n e  a n a l y s e s  o f  t h e  b r e a t h  s t r e a m  i n  s p e e c h ,  
n o t a b l y  t h e  h o t - w i r e  anemometer  and  t h e  p n e u m o ta c h o g ra p h ,  
have  o n l y  r e c e n t l y  been  d e v e l o p e d ,  and  most  p r e v i o u s  s t u d i e s  
o f  e x p i r a t i o n  and  s p e e c h  sound  p r o d u c t i o n  h a v e  u t i l i z e d  
r e l a t i v e l y  i n s e n s i t i v e  i n s t r u m e n t a t i o n  o f  e a r l i e r  d e s i g n .
T h is  may, i n  p a r t ,  e x p l a i n  t h e  p a u c i t y  o f  l i t e r a t u r e  d e f i n i n g  
s p e c i f i c  r e l a t i o n s h i p s  b e tw e e n  e x p i r a t i o n  and s p e e c h  so u n d  
p r o d u c t i o n .  The l a c k  o f  l i t e r a t u r e  i n  t h i s  a r e a ,  h o w e v e r ,  
i n d i c a t e s  a n e e d  f o r  d e t a i l e d  a n a l y s i s  o f  b r e a t h  s t r e a m  
phenomena i n  s p e e c h  u t i l i z i n g  m odern ,  e l e c t r o n i c  i n s t r u ­
m e n t a t i o n .
D e f e c t i v e  c o n s o n a n t  p r o d u c t i o n  i s  one  o f  t h e  m o s t
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p e r v a s i v e  o f  a l l  s p e e c h  p ro b le m s ;  t h e r e f o r e ,  from t h e  p o i n t  
o f  v iew  o f  t h e  sp e e c h  p a t h o l o g i s t ,  t h e r e  i s  a n eed  t o  o b t a i n  
q u a n t i t a t i v e  i n f o r m a t i o n  r e g a r d i n g  o r a l  and  n a s a l  e x p i r a t o r y  
a i r  f lo w  d u r i n g  no rm al  c o n s o n a n t  p r o d u c t i o n  t o  w h ic h  s i m i l a r  
d a t a  from p e r s o n s  w i t h  s p e e c h  d i s o r d e r s  may be c o m p a re d .
D a t a  r e g a r d i n g  t h e  d i f f e r e n c e s  o c c u r r i n g  i n  c o n s o n a n t  o r a l  
an d  n a s a l  a i r  f lo w  when c o n s o n a n t s  a r e  p r o d u c e d  i n  v a r i o u s  
vowel  and s y l l a b l e  c c m t e x t s  would  be  o f  p a r t i c u l a r  i n t e r e s t .  
The l i t e r a t u r e  r e v i e w e d  s u g g e s t s  t h a t  s u c h  d a t a  i s  v i r t u a l l y  
n o n e x i s t e n t  a t  the  p r e s e n t  t i m e .  The p r e s e n t  s t u d y ,  t h e r e ­
f o r e ,  s o u g h t  t o  i n v e s t i g a t e  o r a l  and  n a s a l  e x p i r a t o r y  a i r  
f l o w  a s s o c i a t e d  w i t h  n o rm a l  c o n s o n a n t  p r o d u c t i o n .  The 
s p e c i f i c  c o n s o n a n t s  s t u d i e d  and t h e  p r o c e d u r e s  em ployed  i n  
t h i s  s t u d y  a r e  d i s c u s s e d  i n  d e t a i l  I n  t h e  f o l l o w i n g  c h a p t e r .
CHAPTER I I I  
DESIGN OF THE INVESTIGATION
The p u rp o se  o f  t h e  p r e s e n t  r e s e a r c h  was t o  I n v e s ­
t i g a t e ,  s y s t e m a t i c a l l y  and  o b j e c t i v e l y ,  t h e  volume r a t e  of 
o r a l  and n a s a l  a i r  f l o w  expended  by n o rm a l  s p e a k i n g  s u b j e c t s  
d u r i n g  t h e  p r o d u c t i o n  o f  s i x  p l o s i v e  c o n s o n a n t s ,  a n d  t o  
d e t e r m i n e  t h e  e f f e c t s  o f  c e r t a i n  vowel  a n d  s y l l a b l e  c o n t e x t s  
on t h e s e  r a t e s  o f  f l o w .  S p e c i f i c a l l y ,  f o u r  m a jo r  r e s e a r c h  
q u e s t i o n s  were  f o r m u l a t e d  f o r  s t u d y :
1 .  How do t h e  p l o s i v e  c o n s o n a n t s  [ p ] ,  [ b ] ,  [ t ] ,
[ d ] ,  [ k ] ,  and [g]  d i f f e r  w i t h  r e s p e c t  t o  max­
imum vo lum e r a t e s  o f  o r a l  a i r  f l o w  a nd  s l s t u l -  
t a n e o u s l y  m ea su re d  volume r a t e s  o f  n a s a l  a i r  
f low?
2 .  How do t h e  vow els  [1 ]  and [ a ]  combined  s y l l a -  
b i c a l l y  w i t h  t h e  s i x  p l o s i v e  c o n s o n a n t s  a f f e c t  
th e  maximum volume r a t e s  o f  o r a l  a i r  f l o w  and 
s i m u l t a n e o u s l y  m e a su re d  volume r a t e s  o f  n a s a l  
a i r  f l o w  f o r  t h e  c o n s o n a n t s ?
3 .  How do c o n s o n a n t - v o w e l  and  v o w e l - c o n s o n a n t -  
vowel  s y l l a b l e  c o n t e x t s  a f f e c t  t h e  maximum 
volume r a t e s  o f  o r a l  a i r  f l o w  and s i m u l t a n e o u s l y  
m e a s u re d  volume r a t e s  o f  n a s a l  a i r  f l o w  f o r  t h e  
c o n s o n a n t s ?
I4., What i s  t h e  combined  e f f e c t  o f  t h e  t y p e  o f  vo w e l  
and t h e  t y p e  o f  s y l l a b l e  c o n t e x t  on t h e  maxxmum 
volume r a t e s  o f  o r a l  a i r  f l o w  and s i m u l t a n e o u s l y  
m easu re d  volume r a t e s  o f  n a s a l  a i r  f l o w  f o r  
t h e  c o n s o n a n t s ?
I n  t h e  p r e s e n t  e x p e r i m e n t  t h e  r e s e a r c h  q u e s t i o n s  p o a ed  above
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were  c o n s i d e r e d  s e p a r a t e l y  f o r  male  and  fem a le  s u b j e c t s .
T h i s  was done t o  d e t e r m i n e  w h e t h e r  o r a l  and  n a s a l  a i r  f lo w  
d i f f e r e n c e s  among t h e  c o n s o n a n t s  i n  t h e  v a r i o u s  s y l l a b l e  an d  
vowel  c o n t e x t s  t e n d e d  t o  be d i f f e r e n t  f o r  th e  two s e x e s *
S p e c i a l  i n s t r u m e n t s ,  c a l i b r a t e d  t o  m easu re  a i r  
volume f lo w  p e r  u n i t  t i m e ,  were  u s e d  t o  m easu re  s i m u l t a n e ­
o u s l y  t h e  a i r  f lo w  from t h e  n o se  and m outh  o f  e a c h  s u b j e c t  
d u r i n g  t h e  p r o d u c t i o n  o f  t h e  e x p e r i m e n t a l  s y l l a b l e s .  The 
r a p i d l y  v a r y i n g  a i r  f l o w  r a t e s  o c c u r r i n g  d u r i n g  p r o d u c t i o n  
o f  t h e  s y l l a b l e s  were  r e c o r d e d  b y  means o f  a t w i n - e h a n n e l  
c h a r t  r e c o r d e r .  The r e c o r d s  t h u s  o b t a i n e d  were g r a p h i c  
r e p r e s e n t a t i o n s  in  t im e  o f  t h e  c h a n g i n g  volume r a t e s  o f  
o r a l  and n a s a l  a i r  f l o w  o c c u r r i n g  d u r i n g  t h e  p r o d u c t i o n  o f  
t h e  t e s t  s y l l a b l e s .  The q u a n t i t a t i v e  d a t a  u t i l i z e d  i n  t h i s  
s t u d y  were  o b t a i n e d  by  m e a s u r i n g  t h e  volume r a t e s  o f  o r a l  
a n d  n a s a l  a i r  f l o w  a t  s e l e c t e d  p o i n t s  i n  t h e  r e c o r d e d  
p a t t e r n s  o f  t h e  c o n so n a n t  e l e m e n t s  o f  e a c h  s y l l a b l e .  The 
s e l e c t i o n  o f  s u b j e c t s ,  t h e  e x p e r i m e n t a l  a p p a r a t u s ,  t h e  
p r o c e d u r e s  employed i n  d a t a  c o l l e c t i o n ,  and  t h e  r e s u l t i n g  
d a t a  a r e  d e s c r i b e d  and  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .
S u b j e c t s
F i f t y  young  a d u l t  s u b j e c t s  were  u t i l i z e d  i n  t h i s  
s t u d y .  T w e n t y - f i v e  m ale  and t w e n t y - f i v e  f e m a le  s u b j e c t s  
were  s e l e c t e d  from v o l u n t e e r s  a v a i l a b l e  a t  o r  n e a r  t h e  
U n i v e r s i t y  o f  Oklahoma M e d ic a l  C e n t e r .  S u b j e c t s  s e l e c t e d  
f o r  s t u d y  were  r e q u i r e d  t o  be be tw ee n  t h e  a g e s  o f  t w e n t y
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and t h l r t y - f l l x  y e a r s ,  t o  hav e  no a b n o r m a l i t y  o f  s p e e c h  o r  
v o i c e  q u a l i t y ,  t o  p r e s e n t  no h i s t o r y  o f  p r o l o n g e d  o r  s e v e r e  
r e s p i r a t o r y  p r o b l e m s ,  t o  h a v e  e s s e n t i a l l y  n o rm a l  h e a r i n g  f o r  
s p e e c h  In  a t  l e a s t  one e a r ,  and t o  be  c a p a b l e  o f  p e r f o r m i n g  
t h e  e x p e r i m e n t a l  t a s k .
The e x p e r i m e n t a l  sam ple  was l i m i t e d  t o  young  a d u l t s  
b e c a u s e  t h e  I n s t r u m e n t a t i o n  employed In  t h e  s t u d y  was s u i t ­
a b l e  f o r  u s e  o n l y  w i t h  a d u l t s ,  and  b e c a u s e  o f  t h e  n e e d  f o r  
r e s e a r c h  d a t a  r e l a t i n g  t o  a i r  f lo w  phenomena I n  a d u l t  
s p e e c h .  The u p p e r  age  l i m i t  was s e t  a t  t h l r t y - s l x  y e a r s  t o  
p r o v i d e  a  sam p le  o f  a d u l t  s u b j e c t s  b e lo w  t h e  age  a t  w h ich  
v i t a l  c a p a c i t y  can  be  e x p e c t e d  t o  u n d e r g o  change  ( U 7 ) • W ith  
r e s p e c t  t o  a g e ,  t h e  s u b j e c t s  were  d i s t r i b u t e d  a s  f o l l o w s :  
s e v e n  m a le  and  n i n e  f e m a le  s u b j e c t s  w ere  b e tw ee n  t w e n t y  and 
t w e n t y - s i x  y e a r s  o f  a g e ,  t e n  m a le  and e l e v e n  f e m a le  s u b j e c t s  
were  b e tw ee n  t w e n t y - s i x  and  t h i r t y - o n e  y e a r s  o f  a g e ,  and 
e i g h t  m a le  and f i v e  f e m a le  s u b j e c t s  were  b e tw e e n  t h i r t y - o n e  
and t h i r t y - s i x  y e a r s  o f  a g e .  The mean age  was 2 8 .5  y e a r s  
f o r  m ale  s u b j e c t s  and  2 8 . 2  y e a r s  f o r  f e m a le  s u b j e c t s .
I n  o r d e r  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  d e v i a n t  
s p e e c h  p a t t e r n s  r e s u l t i n g  In  a b e r r a n t  a i r  f l o w  r e a d i n g s ,  
o n l y  s u b j e c t s  w i t h  n o rm a l  s p e e c h  and v o i c e  q u a l i t y ,  a s  
ju d g e d  by  an e x p e r i e n c e d  s p e e c h  p a t h o l o g i s t ,  w ere  I n c l u d e d  
In  t h e  e x p e r i m e n t a l  g r o u p .  F o r  t h e  same r e a s o n ,  c o l l e c t i o n  
o f  d a t a  on s u b j e c t s  r e p o r t i n g  c u r r e n t  o r  r e c e n t  u p p e r  r e s p i ­
r a t o r y  i n f e c t i o n s  was d e f e r r e d  u n t i l  t h e  symptoms bad
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p a s s e d .  I t  was a l s o  d e c i d e d  t h a t  p e r s o n s  p r e s e n t i n g  a 
h i s t o r y  o f  c h r o n i c  r e s p i r a t o r y  p ro b le m s  would n o t  be i n c l u d e d  
in  t h e  s t u d y  s i n c e  such  p r o b le m s  m ig h t  p o s s i b l y  I m p a i r  t h e  
e f f i c i e n c y  o f  t h e  r e s p i r a t o r y  s y s t e m .  The s a m p le ,  s e l e c t e d  
w i t h o u t  r e g a r d  t o  r a c e ,  i n c l u d e d  f o r t y - s i z  C a u c a s i a n s  and  
f o u r  N e g r o e s .
Each s u b j e c t ' s  h e a r i n g  was e v a l u a t e d  b y  means o f  an 
a u d i o m e t r i c  s c r e e n i n g  t e a t  a t  15 db i n t e n s i t y  ( r e  a u d i o ­
m e t r i c  z e r o )  t h r o u g h  t h e  s p e e c h  r a n g e  o f  f r e q u e n c i e s  (5 0 0 -  
2000 c p s ) .  No s u b j e c t  was fo u n d  t o  have a  l o s s  o f  b e a r i n g  
g r e a t e r  t h a n  15 db i n  t h e  b e t t e r  e a r ,  and  none r e p o r t e d  a  
h i s t o r y  o f  r e c e n t  h e a r i n g  d i f f i c u l t y .
A p p a r a t u s
I n s t r u m e n t a t i o n  u t i l i z e d  i n  d a t a  c o l l e c t i o n  i n c l u d e d :  
( a )  two pneumoanemometers  (Plow C o r p o r a t i o n ,  Model 53A1) w i t h  
a  c u s t o m - b u i l t  f a c e  mask b o u s i n g  t h e  s e n s i n g  e l e m e n t s  o f  t h e  
pneumoanem om eters ;  and ( b )  a  d u a l - c h a n n e l  s t r i p - c h a r t  r e c o r d e r  
( S a n b o r n ,  Model 6 0 - 1 3 0 0 6 ) .  A s i m p l i f i e d  b l o c k  d i a g r a m  o f  
t h e  i n s t r u m e n t a t i o n  i s  p r e s e n t e d  i n  F i g u r e  1 .
D e s c r i p t i o n
Pneumoanemometer a s s e m b l y .  The pneumoanemometer  i s  
a  c o m p l e t e l y  t r a n s i s t o r i s e d  e l e c t r i c a l  d e v i c e  pow ered  b y  two 
r e c h a r g e a b l e ,  s e a l e d ,  n i c k e l - c a d m i u m  b a t t e r i e s .  U t i l i z a t i o n  
o f  two pneumoanemometer  u n i t s  w i t h  a  s p e c i a l l y  d e s i g n e d  f a c e  
mask and  a  s u i t a b l e  c h a r t  r e c o r d e r  p e r m i t s  r a p i d ,  c o n t i n u o u s ,  















Figure 1,— Simplified block diagram of the research apparatus.
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o f  t h e  volume r a t e  o f  a i r  f l o w  from t h e  n o s e  and mouth 
d u r i n g  s p e e c h .  The s m a l l  s i z e  o f  t h e  s e n s i n g  e l e m e n t ,  a 
w i r e  a p p r o x i m a t e l y  0 .1 8 8  i n c h e s  l o n g  and .000 05  i n c h e s  i n  
d i a m e t e r ,  r e s u l t s  i n  n e g l i g i b l e  f lo w  i n t e r f e r e n c e .  P r o p e r l y  
c a l i b r a t e d ,  t h i s  i n s t r u m e n t a t i o n  m e a s u r e s  t h e  volume r a t e  o f  
a i r  f lo w  i n  sp e e c h  by  means o f  t h e  s e n s i n g  e l e m e n t  w h ic h  i s  
c o o l e d  b y  a s t r e a m  o f  a i r  p a s s i n g  o v e r  i t .  When t h e  s e n s i n g  
e l e m e n t  i s  c o o le d  by  t h e  a i r  s t r e a m  i t s  r e s i s t a n c e  v a l u e  
c h a n g e s .  T h i s  r e s i s t a n c e  change  I s  r e f l e c t e d  i n  f l u c t u a t i o n s  
i n  t h e  c i r c u i t  v o l t a g e  w i t h i n  t h e  pneumoanemometer  u n i t s  
wh ich  a r e  p r o p o r t i o n a l  t o  t h e  v e l o c i t y  o f  t h e  a i r  s t r e a m  
p a s s i n g  t h e  s e n s i n g  w i r e  a t  a n y  g iv e n  i n s t a n t .  S in c e  t h e  
s e n s i n g  e le m e n t  i s  h o u sed  i n  a t u b e  o f  u n c h a n g i n g  d i m e n s i o n s ,  
t h e  v o l t a g e  f l u c t u a t i o n s  a r e  a l s o  p r o p o r t i o n a l  t o  t h e  volume 
o f  a i r  p a s s i n g  t h e  s e n s i n g  e le m e n t  p e r  u n i t  t im e *
The s e n s i n g  e l e m e n t s  o f  t h e  pneumoanemometers  a r e  
c o n t a i n e d  i n  a  s h o r t  m e t a l  t u b e ,  f o u r  i n c h e s  i n  l e n g t h  and  
s e v e n - e i g h t h s  i n c h  i n  i n s i d e  d i a m e t e r ,  w h ich  i s  a t t a c h e d  t o  
t h e  f a c e  m ask .  The body  o f  t h e  mask i s  c o n s t r u c t e d  o f  
p l a s t i c ,  a n d  t h e  s u r f a c e  w h ich  f i t s  a g a i n s t  t h e  f a c e  h a s  an 
i n f l a t a b l e  r u b b e r  r i m .  The m e t a l  t u b e  a n d  f a c e  mask a r e  
d i v i d e d  t h r o u g h o u t  t h e i r  l e n g t h  i n  t h e  m i d l i n e  by  a t h i n ,  
h o r i z o n t a l  p a r t i t i o n .  One s e n s i n g  w i r e  i s  l o c a t e d  above  t h e  
p a r t i t i o n  o f  t h e  t u b e  ; t h e  o t h e r  i s  l o c a t e d  s i m i l a r l y  on t h e  
o t h e r  s i d e  o f  t h e  p a r t i t i o n .  The p a r t i t i o n  s e r v e s  t o  s e p a ­
r a t e  t h e  f l o w  o f  a i r  f rom  t h e  n o s e  and m o u th ,  c a u s i n g  o r a l
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and n a s a l  a i r  f lo w a  t o  p a s s  o v e r  d i f f e r e n t  a e n a i n g  w l r e m . 
T h u s ,  t h e  volume r a t e  o f  a i r  f low  from t h e  no se  and mouth 
may b e  m ea su re d  s e p a r a t e l y  and s i m u l t a n e o u s l y .
In t h i s  r e s e a r c h ,  t h e  f a c e  mask was a t t a c h e d  f i r m l y  
t o  t h e  f a c e  b y  means o f t  wo r u b b e r  s t r a p s  so  t h a t  t h e  p n e u ­
m a t i c  r im  o f  t h e  mask form ed an e s s e n t i a l l y  a i r t i g h t  s e a l  
a g a i n s t  t h e  f a c e . The edge  o f  t h e  p a r t i t i o n  be tw een  t h e  
o r a l  a n d  n a s a l  s e c t i o n s  o f  t h e  mask was f i t t e d  w i t h  a  
r u b b e r  e x t e n s i o n  w h loh  c o n t a c t e d  t h e  f a c e  above t h e  u p p e r  
l i p  a n d  formed a  t i g h t  s e a l  b e tw ee n  t h e  n o se  and  m o u th .
C h a r t  r e c o r d e r ,  A t w i n - e h a n n e l  c h a r t  r e c o r d e r  was 
em ployed  t o  r e c o r d  t h e  o u t p u t  v o l t a g e s  o f  t h e  pneumoanemo­
m e t e r s »  The m a n u f a c t u r e r ' s  p u b l i s h e d  d e s c r i p t i o n  i n d i c a t e s  
t h a t  t h e  e r r o r  o f  t h e  r e c o r d e r  i s  l e s s  t h a n  -  , 02$  m i l l i ­
m e t e r s  o v e r  t h e  c e n t r a l  f o u r  c e n t i m e t e r s  o f  t h e  c h a r t  a n d  
l e s s  t h a n  -  0 , 5  m i l l i m e t e r s  o v e r  t h e  o u t e r  f i v e  m i l l i m e t e r s  
o f  t h e  c h a r t , F o r  t h i s  e x p e r i m e n t ,  t h e  r e c o r d e r  was f i t t e d  
w i t h  t w i n  DC a m p l i f i e r s  ( S a n b o r n ,  Model 6^.-3008) t o  a m p l i f y  
t h e  d i r e c t - c u r r e n t  o u t p u t  o f  t h e  pneum oanem om eters .  The 
a m p l i f i e r s  were  b a l a n c e d  and  c a l i b r a t e d  t o  a b a s i c  s e n s i ­
t i v i t y  o f  50  m i l l i v o l t s  p e r  c e n t i m e t e r  o f  s t y l u s  d e f l e c t i o n .  
An a m p l i f i e r  a t t e n u a t i o n  s e t t i n g  o f  X5 p e r m i t t e d  r e c o r d i n g  
t h e  e n t i r e  v o l t a g e  ra n g e  o f  t h e  pneumoanemometers  on f o u r  
c e n t i m e t e r s  o f  t h e  f i v e - c e n t i m e t e r  c h a r t  w i d t h .  As d e t e r ­
m in e d  e m p i r i c a l l y ,  p r i o r  t o  and  f o l l o w i n g  t h e  c o l l e c t i o n  o f  
r e s e a r c h  d a t a ,  a t  t h i s  s e t t i n g  e a c h  m i l l i m e t e r  o f  s t y l u s
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d e f l e c t i o n  above  t h e  b a s e l i n e  was e q u i v a l e n t  t o  .025  v o l t  
o f  p n euaoanem om eter  o u t p u t .  R e c o r d e r  p a p e r  s p e e d  was s e t  
a t  100  m i l l i m e t e r s  p e r  s e co n d  t o  p e r m i t  e a s y  v i s u a l i s a t i o n  
o f  t h e  v a r i a t i o n s  in  a i r  f lo w  o c c u r r i n g  w i t h i n  t h e  e x p e r i ­
m e n t a l  s y l l a b l e s .
C a l i b r a t i o n
The pneumoanemometer ,  a s  d e s i g n e d ,  i s  a  s p e c i a l  
a p p l i c a t i o n  o f  t h e  h o t - w i r e  anemometer  p r i n c i p l e  t o  t h e  
m easu rem en t  o f  a i r  f l o w  i n  sp e e c h  o r  b r e a t h i n g .  The manu­
f a c t u r e r ' s  s u g g e s t e d  p r o c e d u r e  f o r  c a l i b r a t i o n  i n v o l v e d  
p l a c i n g  t h e  s e n s i n g  e le m e n t  o f  t h e  pneumoanemometer  i n  t h e  
s t r e a m  o f  a i r  g e n e r a t e d  i n  a  w ind  t u n n e l  and  a d j u s t i n g  t h e  
v o l t m e t e r  o f  t h e  u n i t  f o r  s p e c i f i e d  r e a d i n g s  a t  s p e c i f i e d  
a i r  s t r e a m  v e l o c i t i e s .  The s e n s i n g  e l e m e n t  was t h e n  p l a c e d  
i n  t h e  t u b e  o f  t h e  f a c e  m ask .  T h i s  c a l i b r a t i o n  p r o c e d u r e  
a p p e a r e d  t o  be o f  q u e s t i o n a b l e  v a l i d i t y ,  s i n c e  i t  seemed t o  
i g n o r e  c e r t a i n  c h a r a c t e r i s t i c s  o f  a i r  f l o w  i n  a t u b e .  The 
v e l o c i t y  o f  a i r  i n  a  t u b e  i s  n o t  t h e  same a t  a l l  p o i n t s  
a c r o s s  t h e  t u b e  d i a m e t e r ,  b e i n g  h i g h e s t  a t  t h e  c e n t e r  o f  
t h e  t u b e ,  and  d i m i n i s h i n g  a s  t h e  w a l l  o f  t h e  t u b e  i s  a p p r o a c h ­
e d .  The a v e r a g e  a i r  v e l o c i t y  i n  t h e  t u b e  v a r i e s  a s  a  non­
l i n e a r  f u n c t i o n  o f  t h e  c e n t e r  t u b e  v e l o c i t y .
In  t h i s  r e s e a r c h ,  t h e r e  was no way o f  a s s u r i n g  
e x a c t l y  w here  t h e  s e n s i n g  w i r e  was p l a c e d  in  t h e  m e t a l  t u b e  
h o u s i n g  i t ,  F u r t h e r ,  t h e  a i r  f l o w s  m e a s u re d  were  h i g h l y  
v a r i a b l e .  I t  wou ld  have  b e e n  a  p r a c t i c a l  i m p o s s i b i l i t y .
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t h e r e f o r e ,  t o  d e t e r m i n e  t h e  a v e r a g e  v e l o c i t y  o r  volume o f  
a i r  p a s s i n g  t h r o u g h  t h e  t u b e  f rom a v e l o c i t y  m ea su rem en t  a t  
an u n d e f i n e d  p o i n t  In  t h e  s t r e a m . I t  would have b een  e q u a l l y  
I m p o s s i b l e  t o  m atch  t h e  o r a l  and n a s a l  s e n s i n g  e l e m e n t s  In  
s e n s i t i v i t y  and p o s i t i o n  In  t h e  t u b e  so  t h a t  m e a n i n g f u l  
r e l a t i v e  m e a su re m e n ts  c o u ld  be  o b t a i n e d .  I t  was n e c e s s a r y ,  
t h e r e f o r e ,  t o  d e v i s e  a method o f  c a l i b r a t i o n  which  would  
g i v e  an a c c u r a t e  m e a su re  o f  t h e  a i r  p a s s i n g  t h r o u g h  t h e  
f a c e - m a s k  t u b e  and w h ic h  d i d  n o t  r e q u i r e  t h a t  t h e  s e n s i n g  
e l e m e n t s  be  m a tch e d  i n  s e n s i t i v i t y  o r  t h a t  t h e y  be  p l a c e d  
In  i d e n t i c a l  p o s i t i o n s  w i t h i n  t h e  t u b e .  An e m p i r i c a l  v o l u ­
m e t r i c  c a l i b r a t i o n  p r o c e d u r e ,  d e s c r i b e d  b e l o w ,  was d e v i s e d  
w h ich  would  s a t i s f y  t h e s e  r e q u i r e m e n t s .
An a i r  c o m p r e s s o r  w i t h  a t a n k  c a p a c i t y  o f  f i v e  c u b i c  
f e e t  a t  t h i r t y  p s i  was u t i l i z e d  a s  an a i r  s o u r c e .  P r e s s u r e  
In  t h e  l i n e  from t h e  t a n k  was r e g u l a t e d  b y  an a i r  p r e s s u r e  
r e d u c l n g - v a l v e  c a p a b l e  o f  m o d i f y i n g  t h e  l i n e  p r e s s u r e  b e ­
tw e en  two and t h i r t y  p s l .  A l i n e  p r e s s u r e  o f  f i f t e e n  p s i  
was fo u n d  t o  p r o d u c e  a  s u f f i c i e n t  f l o w  o f  a i r  t o  p e r m i t  
c a l i b r a t i o n  o f  t h e  pneumoanemometers  a t  t h e  u p p e r  l i m i t s  o f  
t h e i r  c a p a c i t y  t o  m e a s u r e ,  and t h i s  l i n e  p r e s s u r e  was m a in ­
t a i n e d  t h r o u g h o u t  c a l i b r a t i o n .  A i r  f lo w  was c o n t r o l l e d  by  
a  s t a n d a r d  l a b o r a t o r y  a i r  o u t l e t - v a l v e .  From t h e  v a l v e ,  
t h e  a i r  s t r e a m  waa l e d  t o  a  p o s i t i v e  d i s p l a c e m e n t  a i r  volume 
m e t e r  (A m erican  M e te r  Company, Model A 3 -6 -1 1 )  by  means o f  a  
r u b b e r  c o u p l i n g  h o s e .  From t h i s  m e t e r ,  t h e  s t r e a m  was l e d
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by a second  r u b b e r  c o u p l i n g  h ose  t o  a p l a s t i c  t u b e  o f  one 
i n c h  i n s i d e  d i a m e t e r .  The m e t a l  t u b e  o f  t h e  f a c e  mask was 
i n s e r t e d  i n t o  t h i s  p l a s t i c  h o s e .  S in c e  t h e  e x t e r n a l  d i a ­
m e t e r  o f  t h e  tu b e  c o n t a i n i n g  t h e  s e n s i n g  w i r e s  was t h e  same 
a s  t h e  i n t e r n a l  d i a m e t e r  o f  t h e  p l a s t i c  h o s e ,  a v e r y  t i g h t  
c o u p l i n g  was a c h i e v e d .
The pneumoanemometer u n i t s  were t h e n  c o n n e c t e d  t o  
t h e  s e n s i n g  w i r e s  and t h e  pneumoanemometer v o l t m e t e r s  were  
a d j u s t e d  t o  a  z e r o  r e a d i n g .  D u r i n g  t h i s  p r o c e d u r e ,  t h e  t u b e  
c o n t a i n i n g  t h e  s e n s i n g  w i r e s  was p r o t e c t e d  from a i r  movement 
i n  t h e  room by  c o v e r i n g  t h e  open end o f  t h e  f a c e  m ask .  The 
u n i t s  were  numbered f o r  i d e n t i f i c a t i o n ,  and t h e  same u n i t  
was u s e d  w i t h  t h e  same s e n s i n g  w i re  t h r o u g h o u t  t h e  r e s e a r c h .  
S i n c e  o n l y  one s e n s i n g  w i r e  was c a l i b r a t e d  a t  a  t i m e ,  i t  
was n e c e s s a r y  t o  p l u g  t h e  s i d e  o f  t h e  s e n s i n g  t u b e  n o t  u n d e r  
t e s t  t o  i n s u r e  t h a t  t h e  e n t i r e  a i r  s t r e a m  u s e d  i n  c a l i b r a ­
t i o n  was f l o w i n g  p a s t  t h e  s e n s i n g  w i r e  t o  b e  c a l i b r a t e d .
The a i r  o u t l e t - v a l v e  was t h e n  opened u n t i l  t h e r e  was a  f l o w  
o f  a i r  s u f f i c i e n t  t o  p ro d u c e  a  pneumoanemometer  v o l t m e t e r  
r e a d i n g  o f  , 0 2  v o l t .  The volume o f  a i r  f l o w i n g  i n  one m i n u t e ,  
a s  t im e d  b y  a  s t o p  w a t c h ,  was m ea su re d  w i t h  t h e  a i r  volume 
m e t e r .  T h i s  p r o c e s s  was r e p e a t e d  a t  i n t e r v a l s  o f  . 0 2  v o l t  
t h r o u g h o u t  t h e  o u t p u t  v o l t a g e  r a n g e  o f  t h e  pneumoanemometer  
( . 0 0  t o  1 .0 0  v o l t ) ,  and  t h i s  same p r o c e d u r e  was t h e n  
r e p e a t e d  f o r  t h e  o t h e r  u n i t .  B o th  u n i t s  were  c a l i b r a t e d  
t w i c e ,  e a c h  on two c o n s e c u t i v e  d a y s .  J u s t  p r i o r  t o  t h e  c o l l e c ­
t i o n  o f  e x p e r i m e n t a l  d a t a .  The raw d a t a  r e s u l t i n g  from
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t h e  c a l i b r a t i o n  t r i a l s  a r e  shown in  T a b l e s  17 and l 8 o f  
A ppend ix  A. The c a l i b r a t i o n  c u r v e s  d e r i v e d  f rom  t h e  two 
s e t s  o f  o r a l  a i r  f lo w  d a t a  and  t h e  two s e t s  o f  n a s a l  a i r  
f lo w  d a t a  a r e  shown i n  F i g u r e s  2 and 3 ,  r e s p e c t i v e l y .
I n s p e c t i o n  o f  th e  c a l i b r a t i o n  d a t a  r e v e a l s  s l i g h t  
d i f f e r e n c e s  b e tw een  t h e  two s e t s  o f  d a t a  t a k e n  on two c o n ­
s e c u t i v e  d a y s ;  ho w ev er ,  t h e  v a l u e s  were g e n e r a l l y  in  c l o s e  
a g r e e m e n t .  These  d a t a  s u g g e s t  t h a t  t h e  pneumoanemometer  
v o l t a g e  r e a d i n g s  were  c o n s i s t e n t  on r e p e a t e d  m e a s u r e s  o f  a  
g iv e n  volume r a t e  o f  a i r  f l o w  t o  w i t h i n  a p p r o x i m a t e l y  . 0 2  
v o l t .  T h e re  w a s ,  h o w e v e r ,  r e a s o n  t o  b e l i e v e  t h a t  t h e  s l i g h t  
d i f f e r e n c e s  in  t h e  two s e t s  o f  c a l i b r a t i o n  d a t a  may have  
b een  due  t o  f a c t o r s  o t h e r  t h a n  t h e  v a r i a b i l i t y  o f  t h e  
pneumoanemometer  u n i t s  t h e m s e l v e s .  The pneumoanemometer  
u n i t s  w e re  new, a n d ,  t o  a l l  a p p e a r a n c e s ,  were  f u n c t i o n i n g  
a s  d e s i g n e d .  E v id e n c e  o f  t h e  s t a b i l i t y  and p r o p e r  p e r f o r ­
mance o f  t h e  i n s t r u m e n t s  i s  s een  in  t h e  f a c t  t h a t  when a 
c a l i b r a t i o n  c u rv e  was p l o t t e d  f o r  t h e  mean o f  t h e  s e t s  o f  
o r a l  a n d  n a s a l  c a l i b r a t i o n  d a t a ,  t h e  c u r v e  d e t e r m i n e d  by  
t h e  v o l u m e t r i c  m ethod  was v e r y  s i m i l a r  t o  t h e  c u rv e  d e t e r ­
m ined  b y  t h e  wind t u n n e l  m ethod  ( s e e  F i g u r e s  I4. and 5 )*  A 
new p o s i t i v e  d i s p l a c e m e n t  a i r  volume m e t e r  was u s e d  t o  
m e a su re  t h e  volume o f  a i r  f lo w  p e r  m in u te  i n  t h i s  c a l i b r a t i o n  
p r o c e d u r e .  The m a n u f a c t u r e r  a d v i s e d  t h a t  t h i s  m e t e r  was 
o r i g i n a l l y  c a l i b r a t e d  a g a i n s t  a  g a s  p r o v e r  m e t e r  and  t h a t  
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Figure 3 .--Calibration curves for each of two sets of nasal air flow data 
taken on consecutive days.
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more t h a n  o n e - t e n t h  o f  one p e r  c e n t  e r r o r .
T h u s ,  w h i l e  t h e r e  waa r e a s o n  t o  have  c o n f i d e n c e  in  
t h e  i n s t r u m e n t a t i o n ,  a l i g h t  e r r o r s  i n  r e a d i n g  t h e  i n s t r u ­
m ents  were  p o s s i b l e .  I t  may be r e c a l l e d  t h a t  i n  t h e  c a l i ­
b r a t i o n  p r o c e d u r e  t h e  i n v e s t i g a t o r  a d j u s t e d  t h e  a i r  f lo w  
u n t i l  a  g i v e n  v o l t a g e  r e a d i n g  was o b t a i n e d  on t h e  pneumoane­
mometer  u n i t  v o l t m e t e r .  A Judgm en t ,  t h e r e f o r e ,  had  t o  be 
made as  t o  when t h e  v o l t m e t e r  p o i n t e r  was on a  g iv e n  r e a d i n g .  
Though a c o n c e r t e d  e f f o r t  was made t o  i n s u r e  t h a t  t h e  p o i n t e r  
was a lw a y s  c e n t e r e d  on a g iv e n  r e a d i n g ,  s m a l l  e r r o r s  In  
Judgment were a lm o s t  c e r t a i n l y  m ade .
A p rob lem  was a l s o  e n c o u n t e r e d  i n  r e a d i n g  t h e  a i r  
volume m e t e r  w i t h  t h e  a c c u r a c y  d e s i r e d .  At low r a t e s  o f  
f l o w ,  t h e  i n d i c a t o r  on t h e  c l o c k - t y p e  f a c e  o f  t h e  a i r  volume 
m e t e r  moved su c h  a  v e r y  s h o r t  d i s t a n c e  i n  a  m i n u t e ' s  t im e  
t h a t  any e r r o r  i n  b e g i n n i n g  t h e  r e a d i n g  e x a c t l y  a t  t h e  
i n s t a n t  t h e  i n d i c a t o r  was on z e r o  would have r e s u l t e d  in  an 
a b s o l u t e l y  s m a l l  b u t  r e l a t i v e l y  l a r g e  e r r o r  i n  a i r  volume 
m e a s u r e m e n t .  A l s o ,  i f  t h e  r e s e a r c h e r  was n o t  c a r e f u l  t o  
m a i n t a i n  h i s  eyes  a t  t h e  same p o s i t i o n  from t h e  b e g i n n i n g  
t o  t h e  end o f  a m i n u t e ' s  r e a d i n g ,  an e r r o r  i n  m e t e r  r e a d i n g  
was p o s s i b l e .  On t h e  b a s i s  o f  e x p e r i e n c e  i n  p r e - e x p e r i m e n t  
t r i a l s ,  i t  was e s t i m a t e d  t h a t  e r r o r s  due t o  c a r e l e s s  head  
s h i f t i n g  c o u l d  be a s  l a r g e  a s  .05  l i t e r / m i n u t e .  T h e r e f o r e ,  
an a t t e m p t  was made t o  e l i m i n a t e ,  i n s o f a r  a s  p o s s i b l e ,  such  
e r r o r s  i n  t h e  c a l i b r a t i o n  d a t a  by b e g i n n i n g  e a c h  r e a d i n g
i+3
when t h e  i n d i c a t o r  waa on l e r o  and by m a i n t a i n i n g  an 
u nchan g ed  p o a l t l o n  in  f r o n t  o f  t h e  m e t e r  u n t i l  t h e  r e a d i n g  
was made a t  t h e  end o f  one m i n u t e . In  t h i s  way,  e r r o r s  in  
r e a d i n g  t h e  m e t e r ,  w h i l e  n o t  e l i m i n a t e d ,  were r e d u c e d .
A n o th e r  m e te r  r e a d i n g  p ro b lem  was e n c o u n t e r e d  
which  c o u l d ,  i n  p a r t ,  a c c o u n t  f o r  t h e  s m a l l  d i f f e r e n c e s  
b e tw een  t h e  t w o  s e t s  o f  c a l i b r a t i o n  d a t a  o b t a i n e d  in  t h i s  
s t u d y .  At h ig h  r a t e s  o f  f l o w ,  t h e  i n d i c a t o r  o f  t h e  a i r  
volume m e t e r  was moving so r a p i d l y  t h a t  e r r o r s  i n  r e a d i n g  
c o u ld  have  been  made b e c a u s e  t h e  p o s i t i o n  o f  t h e  i n d i c a t o r  
a t  t h e  end o f  one m in u te  had t o  be d e t e r m i n e d  w i t h  t h e  
i n d i c a t o r  i n  m o t i o n .  I t  was e s t i m a t e d  t h a t  e r r o r s  i n  r e a d ­
in g  t h e  m e t e r  o f  t h e  m ag n i tu d e  o f  .1  o r  . 2  l i t e r s / m i n u t e  
were  p o s s i b l e ,  t h e r e f o r e ,  a t  h ig h  f lo w  r a t e s .  In  v iew  o f  
t h e  p o s s i b i l i t i e s  f o r  e r r o r s ,  t h e  two s e t s  o f  raw c a l i b r a ­
t i o n  d a t a  wore r e g a r d e d  a s  b e i n g  i n  c l o s e  a g r e e m e n t .  I t  
was ,  o f  c o u r s e ,  a l s o  p o s s i b l e  t h a t  t h e  d i f f e r e n c e s  i n  r e a d ­
i n g s  i n  t h e  two t r i a l s  r e p r e s e n t e d  t h e  v a r i a b i l i t y  o f  
m e a s u r e s  made w i t h  t h i s  i n s t r u m e n t .
To c o m p le te  t h e  c a l i b r a t i o n ,  a  s i n g l e  a i r  f l o w  v a l u e  
a t  e a c h  v o l t a g e  p o i n t  was computed by  a v e r a g i n g  t h e  two a i r  
f lo w  v a l u e s  o b t a i n e d  a t  t h a t  p o i n t  d u r i n g  t h e  two c a l i b r a ­
t i o n  t r i a l s .  A c u rv e  was t h e n  f i t t e d  t o  t h e  d a t a  c o l l e c t e d  
f o r  e a c h  u n i t ,  u s i n g  a l e a s t  s q u a r e s  f i t  t o  a q u a d r a t i c  
e q u a t i o n .  To p r o v i d e  a c l o s e  f i t  o f  t h e  c u rv e  t o  t h e  d a t a ,  
t h e  c a l i b r a t i o n  d a t a  f o r  e ac h  u n i t  were  d i v i d e d  i n t o  t h r e e  
r a n g e s :  from . 0 2  t o  .20  v o l t ,  from . 2 2  t o  .60  v o l t ,  and
Wi
from .6 2  t o  1 .0 0  v o l t .  A cu rve  was t h e n  f i t t e d  s e p a r a t e l y  
t o  each  p a r t .  The c u r v e s  were so f i t t e d  t h a t  t h e  computed 
and e m p i r i c a l l y  d e t e r m i n e d  mean a i r  f low  v a l u e s , c o r r e s p o n d ­
i n g  t o  each  o f  t h e  m ea su re d  voltaz^e p o i n t s  w i t h i n  a g iv e n  
s e c t i o n  o f  t h e  c u r v e ,  d i d  n o t  d i f f e r  from e a c h  o t h e r  by  
more t h a n  1 .5  p e r c e n t  o f  t h e  l a r g e s t  computed a i r  f lo w  
v a l u e  in  t h a t  s e c t i o n  o f  t h e  c u r v e .  The c u r v e s  t h u s  d e t e r ­
m ined  f o r  t h e  o r a l  and  n a s a l  a i r  f l o w s  a re  shown i n  F i g u r e s  
and 5 » r e s p e c t i v e l y .  The computed volume r a t e s  o f  a i r  
f l o w  c o r r e s p o n d i n g  t o  e a c h  o f  f i f t y  v o l t a g e  p o i n t s  m ea su re d  
f o r  e ac h  o f  t h e  two pneumoanemometer  u n i t s  a r e  shown in  
T a b l e s  19 and 20 o f  A ppend ix  A.
The c a l i b r a t i o n  o f  t h e  u n i t s  was c hecked  a p p r o x i ­
m a t e l y  once each  week t h r o u g h o u t  t h e  c o u rs e  o f  t h e  e x p e r i ­
ment t o  i n s u r e  t h a t  t h e  i n s t r u m e n t s  r e m a in e d  i n  c a l i b r a t i o n .  
The volume o f  a i r  r e q u i r e d  t o  p r o d u c e  pneumoanemometer  v o l t ­
m e t e r  r e a d i n g s  a t  i n t e r v a l s  o f  .1 0  v o l t  t h r o u g h o u t  t h e  o u t ­
p u t  v o l t a g e  ran g e  o f  b o t h  t h e  o r a l  and  n a s a l  u n i t s  was 
d e t e r m i n e d  and compared  w i t h  t h e  o r i g i n a l  c a l i b r a t i o n  
f i g u r e s . I t  was d e t e r m i n e d ,  by means o f  t h e s e  t r i a l s ,  t h a t ,  
w i t h i n  t h e  l i m i t a t i o n s  imposed by  t h e  c a l i b r a t i o n  t e c h n i q u e ,  
t h e  i n s t r u m e n t s  d i d  n o t  change i n  c a l i b r a t i o n  t h r o u g h o u t  t h e  
c o l l e c t i o n  o f  d a t a .  I t  was n e c e s s a r y ,  how ever ,  t o  e s t a b l i s h  
a new c a l i b r a t i o n  c u r v e  f o r  t h e  n a s a l  s e n s i n g  w i r e  i n  t h e  
i n s t a n c e  d e s c r i b e d  b e lo w .
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Figure n*--Emplrlcally determined volumetric curve of calibration for oral air 
flow and manufacturer's curve determined by the wind tunnel method.
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F i g u r e  5 . - - E m p i r i c a l l y  d e t e r m i n e d  v o l u m e t r i c  c u r v e  o f  c a l i b r a t i o n  f o r  n a s a l  a i r  
f l o w  and m a n u f a c t u r e r ’ s c u r v e  d e t e r m i n e d  by t h e  wind t u n n e l  m eth o d .
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had been  c o l l e c t e d ,  t h e  n a s a l  a e n a l n g  w ire  b r o k e .  The 
b ro k en  w i r e  w s r e p l a c e d  I m m e d ia t e ly  and th e  pneumoanemo­
m e te r  u n i t  t o  which  I t  waa c o n n e c te d  was r e c a l i b r a t e d  
a c c o r d i n g  t o  t h e  p r o c e d u r e  p r e v i o u s l y  d e s c r i b e d .  The raw 
c a l i b r a t i o n  d a t a  and t h e  computed volume r a t e s  o f  a i r  f l o w  
c o r r e s p o n d i n g  t o  each  o f  t h e  f i f t y  v o l t a . e  p o i n t s  m e a su re d  
f o r  t h e  u n i t  a r e  shown in  T a b l e s  21 and 22, r e s p e c t i v e l y ,  
o f  A ppend ix  A. The c a l i b r a t i o n  c u rv e  o f  t h i s  r e p l a c e m e n t  
w i r e  I s  shown In  F ig u r e  33 o f  A ppend ix  B .  P e r i o d i c  c a l i ­
b r a t i o n  r e c h e c k s  I n d i c a t e d  t h a t  t h e  r e p l a c e m e n t  w i r e  and 
t h e  u n i t  w i t h  w h ic h  I t  was c o n n e c te d  d i d  n o t  change  c a l i ­
b r a t i o n  t h r o u g h o u t  t h e  r e m a i n d e r  o f  t h e  e x p e r i m e n t .
C a l i b r a t i o n  o f  t h e  o r a l  and n a s a l  pneumoanemometer  
u n i t s  a f t e r  c o l l e c t i o n  o f  a l l  d a t a  r e v e a l e d  e s s e n t i a l l y  no 
change  In  e i t h e r  u n i t  A?om t h e  o r i g i n a l  c a l i b r a t i o n .  A c c o r d ­
i n g  t o  t h e  m a n u f a c t u r e r ' s  m a n u a l ,  t h e  pneumoanemometer  may 
be e x p e c t e d  t o  r a m ln  In  c a l i b r a t i o n  f o r  a p p r o x i m a t e l y  one 
y e a r ;  d a t a  f o r  t h i s  s t u d y  w ere  c o l l e c t e d  In  a p p r o x i m a t e l y  
two m o n th s .
The t e m p e r a t u r e  o f  t h e  a i r  u se d  In  c a l i b r a t i o n  was 
m e a su re d  a t  ?2°P .  The t e m p e r a t u r e  o f  a i r  e x p e l l e d  f rom t h e  
mouth i n  b r e a t n l n g  I s  a p p r o x i m a t e l y  a t  body t e m p e r a t u r e  
(li7) « S in c e  warmer a i r  h a s  l e a s  c o o l i n g  e f f e c t  on t h e  
pneumoanemometer s e n s i n g  w i r e s  t h a n  c o o l e r  a i r ,  t h e  u n i t s  
t e n d  t o  u n d e r e s t i m a t e  t h e  volume o f  warmer a i r .  The manu­
f a c t u r e r  h a s  recommended t h a t  d a t a  c o l l e c t e d  on a i r  warmer
l+ô
t h a n  t h e  t e m p e r a t u r e  o f  c a l i b r a t i o n  a i r  s n o a l d  oe c o r r e c t e d  
f o r  t h e  t e m p e r a t u r e  d i f f e r e n c e  by r a i s i n g  t h e  d a t a  v a l u e s  
by  one p e r  c e n t  f o r  e ac h  s i x  d e g r e e s  d i f f e r e n c e  be tw een  t h e  
t e m p e r a t u r e  o f  c a l i b r a t i o n  a i r  and a i r  m ea su re d  i n  t h e  
e x p e r i m e n t .  The d a t a  c o l l e c t e d  f o r  t h i s  m s e a r c h  were 
c o r r e c t e d  by  r a i s i n g  t h e  v a l u e  o f  t h e  c o l l e c t e d  d a t a  b y  f o u r  
and o n e - h a l f  p e r  c e n t ,  i . e . ,  one p e r  c e n t  f o r  each  s i x  d e ­
g r e e s  d i f f e r e n c e  be tw een  7 2 °P ,  t h e  t e m p e r a t u r e  o f  a i r  a t  
c a l i b r a t i o n ,  and 99° P ,  t h e  a p p r o x i m a t e  t e m p e r a t u r e  o f  t h e  
b o d y .  I t  was n o t  p o s s i b l e ,  b e c a u s e  o f  a  l a c k  o f  a p p r o p r i a t e  
i n s t r u m e n t a t i o n ,  t o  v e r i f y  t h e  m a n u f a c t u r e r ' s  t e m p e r a t u r e  
c o r r e c t i o n  a t  a l l  a i r  f lo w  r a t e s  e n c o u n t e r e d  i n  t h e  p r e s e n t  
s t u d y .  However, by c o m p a r in g  a i r  f l o w  v a l u e s  a t  s e l e c t e d  
v o l t a g e  r e a d i n g s ,  a t  a i r  t e m p e r a t u r e s  o f  72 ° F and 9 9 ° F ,  
r e s p e c t i v e l y ,  a  d i f f e r e n c e  i n  r e a d i n g s  a p p r o x i m a t i n g  t h a t  
r e p o r t e d  by t h e  m a n u f a c t u r e r  was a t t a i n e d .  While  a d m i t ­
t e d l y  g r o s s ,  t h i s  c o m p a r i s o n  d i d  i n d i c a t e  t h e  p r e s e n c e  o f  t h e  
t e m p e r a t u r e  e f f e c t .  The t e m p e r a t u r e  c o r r e c t i o n  employed  i s ,  
p e r h a p s ,  open t o  q u e s t i o n  and c o n s t i t u t e s  a  p o s s i b l e  s o u r c e  
o f  e r r o r  in  t h e  a b s o l u t e  v a l u e s  f o r  o r a l  and  n a s a l  a i r  f l o w  
r e p o r t e d l y  i n  t h i s  s tu d y .  I t  may be n o t e d ,  h o w e v e r ,  t h a t  
even  a t e m p e r a t u r e  c o r r e c t i o n  e r r o r  a s  much a s  6° P  would  
i n t r o d u c e  a d a t a  e r r o r  o f  b u t  one p e r  c e n t .
Speech  Sample 
The sp e e c h  sam ple  u s e d  i n  t h e  p r e s e n t  s t u d y  c o n s i s ­
t e d  o f  t h i r t y - s i x  n o n s e n s e  s y l l a b l e s .  T hese  s y l l a b l e s  were
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compoaed o f  a l l  p l o a l v #  c o n a o n a n ta  ( [ p j ,  ( b j ,  [ t ] ,  [ d ] ,  [ k ] ,  
[ g ] )  combined i n d i v i d u a l l y  w i t h  th e  vowela  [ 1 ] and  [ a } » l n  
t h r e e  t y p e a  o f  a y l l a b l e a :  c o n a o n a n t - v o w e l ,  v o w e l - c o n a o n a n t -
v o w e l ,  and v o w e l - c o n s o n a n t .  P l o s i v e  c o n s o n a n t s  were s t u d i e d  
f o r  two r e a s o n s .  F i r s t ,  p i l o t  s t u d y  d a t a  s u g g e s t e d  t h a t  t h e  
p a t t e r n s  f o r  t h e s e  sounds were d i s t i n c t i v e  enough  t o  p e r m i t  
v i s u a l  s e p a r a t i o n  o f  th e  c o n s o n a n t  and  vowel  com ponen ts  of 
e a c h  s y l l a b l e  on t h e  a i r  f l o w  r e c o r d s .  T h i s  was n o t  t r u e  o f  
o t h e r  c o n s o n a n t s  s u c h  a s  th e  v o i c e d  f r i c a t i v e s  a n d  s e m i ­
v o w e l s ,  Seco nd ,  t h e y  c o u ld  be s u b c l a s s i f i e d  t o  p e r m i t  s t u d y  
o f  th e  e f f e c t  o f  v o i c i n g  and  p l a c e  o f  a r t i c u l a t i o n  on o r a l  
and  n a s a l  a i r  f l o w  w h i l e  h o l d i n g  manner  o f  a r t i c u l a t i o n  
c o n s t a n t .  T hree  o f  t h e  p l o s i v e  c o n s o n a n t s  s t u d i e d ,  [ b ] ,
[ d ] ,  and [ g ] ,  were v o i c e d ,  and t h r e e ,  [ p J ,  [ t ] ,  and [ k ] ,  
were v o i c e l e s s .  Two of the  c o n s o n a n t s ,  [b ]  and [ p ] ,  were 
b i l a b i a l ;  tw o ,  [ t ]  and  [ d ] ,  were l i n g u a - a l v e o l a r ;  and two,
[g]  and [ k ] ,  were l i n g u a - v e l a r .
The vo w e ls  [1]  and  [ a ]  were  s e l e c t e d  t o  p e r m i t  
s t u d y  o f  t h e  e f f e c t  o f  d i f f e r e n t  vowel  c o n t e x t s  on c o n s o ­
n a n t  a i r  f l o w .  The vow els  [1 ]  and [ a ]  d i f f e r  I n  two ways 
I m p o r t a n t  t o  t h i s  s t u d y .  X - r a y  s t u d i e s  o f  v e l a r  v a l v l n g  
d u r i n g  vowel p r o d u c t i o n  I n  no rm al  s p e a k i n g  s u b j e c t s  (k6 ) 
have  I n d i c a t e d  t h a t  th e  v e l a r  v a l v e  I s  p r e d o m i n a n t l y  open 
i n  t h e  p r o d u c t i o n  o f  [ a ]  and  c l o s e d  d u r i n g  p r o d u c t i o n  o f  [ 1 ] ,
*  I n  t h i s  s t u d y  t h e  symbol [ a ]  I s  u s e d  t o  d e n o t e  t h e  so u n d  
o f  " a "  as  I n  " f a t h e r , "
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Theoo vowels  a l s o  d i f f e r  w i t h  r e s p e c t  to  l i n g u a l  p o s i t i o n .  
P h o n e t i c i a n s  (12)  c l a s s i f y  [ i ]  as a h i g h  f r o n t  vowel and 
[a]  as  a low b ack  vo w e l .  I n  t h e  p r o d u c t i o n  o f  [ 1 ] ,  t h e r e ­
f o r e ,  t h e  o r a l  a i r w a y  i s  n o r m a l l y  more o c c l u d e d  by  t h e  
to n g u e  t h a n  i t  i s  i n  [ a ] .
S i n c e  n o n s e n s e  s y l l a b l e s  were  u s e d  as  t h e  s p e e c h  
sam ple  i n  t h i s  s t u d y ,  e a c h  s u b j e c t  was p r a c t i c e d  u n t i l  he 
c o u l d  p ro d u c e  a l l  s y l l a b l e s  c o r r e c t l y .  F a i l u r e  t o  p r o d u c e  
t h e s e  s y l l a b l e s  i n  a c c o r d a n c e  w i t h  t h e  e x p e r i m e n t e r ' s  
i n s t r u c t i o n s  r e s u l t e d  i n  d i s q u a l i f i c a t i o n  o f  o n ly  one  s u b j e c t .
P r o c e d u r e
P r i o r  t o  t h e  c o l l e c t i o n  o f  d a t a ,  e a c h  s u b j e c t  was 
i n s t r u c t e d  and p r a c t i c e d  i n  t h e  p r o d u c t i o n  o f  t h e  e x p e r i ­
m e n t a l  s y l l a b l e s .  E ach  s u b j e c t  was i n s t r u c t e d  t o  p ro d u c e  
t h e  t h r e e  s y l l a b l e s  d u r i n g  a s i n g l e  b r e a t h  a t  a u n i f o r m  
c o n v e r s a t i o n a l  l e v e l  o f  i n t e n s i t y ,  p i t c h ,  a n d  r a t e .  The 
s u b j e c t s  were  a l s o  i n s t r u c t e d  t o  p r o d u c e  e a c h  s y l l a b l e  w i t h  
u n i f o r m  s t r e s s ,  t o  a v o id  d i f f e r e n c e s  w h ic h  m ig h t  o c c u r  a s  
an a r t i f a c t  of i n f l e c t i o n a l  v a r i a t i o n s .
I t  was a n t i c i p a t e d ,  ho w ev er ,  t h a t  s u b j e c t s  m ig h t  
u t i l i z e  more b r e a t h  a t  t h e  b e g i n n i n g  o f  t h e  t h r e e  s y l l a b l e  
s e q u e n c e ,  and  l e e s  b r e a t h  t o w a r d  the  end  o f  t h e  s e q u e n c e .
To c o u n t e r b a l a n c e  any  s u c h  o r d e r  e f f e c t ,  t h e  s e q u e n c e  i n  
w h ich  a  s u b j e c t  s a i d  t h e  s y l l a b l e s  was d e t e r m i n e d  by  random 
s e l e c t i o n  f rom t h r e e  a r r a n g e m e n t s  p o s s i b l e  i n  a  L a t i n  
S q u a r e :  (1)  CV, VCV, and VC; (2) VCV, VC, and CV; a n d ,  (3)
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VC, CV, and VCV.
A f o u r - b y - s i x - i n c h  c a r d  i n d i c a t i n g  t h e  o r d e r  i n  
w h ich  t h e  t h r e e  s y l l a b l e s  were t o  be  p ro d u c e d  was p r e p a r e d  
f o r  e ac h  c o n s o n a n t  w i t h  e a c h  v o w e l ,  and  e a c h  c a r d  was c o l o r -  
co ded  a c c o r d i n g  t o  th e  seq u en c e  r e p r e s e n t e d .  T h i s  a r r a n g e ­
ment f a c i l i t a t e d  s e l e c t i o n  o f  one o f  th e  t h r e e  p o s s i b l e  
s e q u e n c e s ,  a s  chance  d i c t a t e d ,  and a l s o  made I t  p o s s i b l e  t o  
p r e s e n t  t h r e e  s y l l a b l e s  t o  a s u b j e c t  s i m u l t a n e o u s l y  I n  t h e  
e x p e r i m e n t a l  s i t u a t i o n .
A l l  e x p e r i m e n t a l  d a t a  were  c o l l e c t e d  I n  a  so u n d -  
t r e a t e d  t e s t  s u i t e  a t  t h e  U n i v e r s i t y  o f  Oklahoma Speech  a n d  
H e a r i n g  C e n t e r ,  T h is  s i t e  was c h o s e n  f o r  t h e  e x p e r i m e n t  
b e c a u s e  t h e r e  w ere  no s t r o n g  a i r  c u r r e n t s  I n  t h e  room, and  
b e c a u s e  b a c k g r o u n d  t e m p e r a t u r e s  were  more s t a b l e  t h a n  I n  
o t h e r  p a r t s  o f  t h e  b u i l d i n g .  These  c o n d i t i o n s  were I m p o r ­
t a n t  b e c a u s e  o f  t h e  s e n s i t i v i t y  o f  the  pneumoanemometers t o  
a i r  f low  a id  t e m p e r a t u r e  f l u c t u a t i o n s  w i t h i n  t h e  t e s t  room . 
S i n c e  s u b j e c t s  were  I n s t r u c t e d  t o  s p e a k  a t  a c o n v e r s a t i o n a l  
l e v e l ,  a q u i e t  a c o u s t i c  e n v i r o n m e n t ,  s i m i l a r  f o r  a l l  su b ­
j e c t s ,  was c o n s i d e r e d  n e c e s s a r y .
Once t h e  s u b j e c t  h a d  b e e n  I n s t r u c t e d  and p r a c t i c e d  
I n  t h e  p r o n u n c i a t i o n  o f  t h e  s y l l a b l e s ,  a s m a l l  b a l l  of  
c o t t o n  was a f f i x e d  w i t h  a d h e s i v e  t a p e  j u s t  be low  th e  e y es  
on b o t h  a i d e s  o f  the  n o s e .  T h i s  was dona t o  f i l l  I n  t h e  
a n g le  fo rm ed  by t h e  s h a r p l y  r i s i n g  c o n t o u r s  of t h e  n o s e  and  
f a c e  t o  f a c i l i t a t e  a  t i g h t  f i t  o f  t h e  m ask .  The s u b j e c t  
was t h e n  s e a t e d  I n  an e x a m i n i n g  c h a i r ,  and t h e  head* r e s t  was
5 2
a d j u s t e d  t o  m a i n t a i n  t h e  bead in  a  c o m f o r t a b l e  and s t a b l e  
p o s i t i o n .
S in c e  t h e  s e n s i n g  w i r e s  o f  t h e  f a c e  mask can be 
c o o l e d  by a i r  moving e i t h e r  i n  o r  o_it o f  t h e  t u b e s  in  which  
t h e y  a r e  h o u s e d ,  i t  was i m p o r t a n t  t o  i n s u r e  t h a t  t h e  mask 
was s t a b l e  d u r i n g  t h e  t e s t i n g .  The f a c e  mask was mounted  
by  means o f  a c lamp t o  a m e t a l  b a r ,  t h i r t y - s i x  i n c h e s  l o n g ,  
which  was a t t a c h e d  a t  e i t h e r  end t o  an a j u s t a b l e  s t a n d .
T h i s  a r r a n g e m e n t  p e r m i t t e d  an e a s y  a d ju s tm e n t  o f  th e  h e i g h t  
and p o s i t i o n  o f  t h e  mask t o  t h e  s u b j e c t ,  and h e l d  i t  s t a b l e  
once i t  was f i t t e d .  The s t a n d s  were  t h e n  a d j u s t e d  i n  
h e i g h t  and p o s i t i o n  u n t i l  t h e  mask f i t  t i g h t l y  a g a i n s t  t h e  
s u b j e c t ' s  f a c e .  I t  was th e n  s e c u r e d  i n  p o s i t i o n  by  means 
o f  r u b b e r  s t r a p s  w h ich  were a t t a c h e d  t o  b o t h  s i d e s  o f  t h e  
mask and p a s s e d  b e h i n d  t h e  h e a d - r e s t  o f  t h e  e x a m in in g  
c h a i r .  A v i s u a l  i n s p e c t i o n  was made o f  t h e  t i g h t n e s s  o f  
f i t ,  p a r t i c u l a r l y  a l o n g  t h e  p n e u m a t i c  r i m .  I f  any p l a c e  
w here  a i r  l e a k a g e  m ig h t  o c c u r  was v i s u a l i z e d ,  a d j u s t m e n t s  
were  made u n t i l  an a p p a r e n t l y  t i g h t  f i t  was a c h i e v e d .
The s u b j e c t  was t h e n  a s k e d :  (1)  t o  p r o d u c e  and
s u s t a i n  t h e  n a s a l  c o n s o n a n t  [ m ] ;  and  ( 2 ) t o  b low  t h r o u g h  
h i s  m o u th .  C h a r t  r e c o r d i n g s  o f  o r a l  and n a s a l  a i r  f low  
d u r i n g  b o t h  o f  t h e s e  t r i a l s  w ere  m ade .  I f  t h e  p r o d u c t i o n  
o f  t h e  [m] sound  r e s u l t e d  i n  no r e g i s t r a t i o n  o f  o r a l  a i r  
f l o w ,  and i f  b l o w i n g  t h r o u g h  t h e  mouth r e s u l t e d  in  no r e g i s ­
t r a t i o n  o f  n a s a l  a i r  f l o w ,  t h e  p a r t i t i o n  o f  t h e  mask s e p a ­
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r a t i n g  tb® o r a l  and n a s a l  s e c t i o n s  was Ju dg ed  t o  oe t i g b t l y  
f i t .
The c a r d s  c o n t a i n i n g  t h e  e x p e r i m e n t a l  s y l l a b l e s  
were  h e ld  by an a s s i s t a n t  so t h a t  t h e y  were  e a s i l y  v i s i b l e  
t o  t h e  s u b j e c t ,  and d a t a  c o l l e c t i o n  was begun  on a s i g n a l  
from t h e  e x a m in e r .  I f  t h e  s u b j e c t  made an e r r o r  in  p r o ­
n u n c i a t i o n  d e t e c t a b l e  t o  t h e e x a r o i n e r  o r  t o  h i m s e l f ,  o r  
o t h e r w i s e  v i o l a t e d  h i s  i n s t r u c t i o n s ,  t h e  c h a r t  r e c o r d e r  waa 
s t o p p e d  and t h e  e r r o r  was n o t e d .  A l l  t e s t  s y l l a b l e s  i n  t h a t  
t h r e e - s y l l a b l e  s e r i e s  were t h e n  r e p e a t e d .
E x p e r i m e n t a l  D a ta
E x a m in a t io n  o f  t h e  c h a r t  r e c o r d s  o f  o r a l  a i r  f l o w  
f o r  each  o f  t h e  c o n s o n a n t  and  vowel  c o m b i n a t i o n s  i n d i c a t e d  
t h a t  t h e  vowel  and c o n s o n a n t  e l e m e n t s  o f  e a c h  s y l l a b l e  and 
t h e  i m p l o s i v e  and e x p l o s i v e  p h a s e s  o f  t h e  c o n s o n a n t s  c o u l d  
be  e a s i l y  d i s t i n g u i s h e d .  A sam ple  c h a r t  r e c o r d i n g  o f  t h e  
o r a l  and n a s a l  a i r  f l o w  o c c u r r i n g  d u r i n g  p r o d u c t i o n  o f  t h e  
b i s y l l a b l e  [ i b i ]  i s  shown i n  F i g u r e  6 .
In  t h i s  s t u d y ,  o r a l  a i r  f l o w  was m e a s u r e d  i n  t h e  
p r o d u c t i o n  o f  p l o s i v s  c o n s o n a n t s  i n  CV and VCV s y l l a b l e s ,  
b u t  n o t  i n  VC s y l l a b l e s .  In  CV and VCV s y l l a b l e s ,  where  t h e  
c o n s o n a n t  s e r v e d  a s  t h e  i n i t i a l  o r  m e d i a l  s y l l a b i c  e l e m e n t ,  
t h e  r e c o r d e d  a i r  f lo w  p a t t e r n s  f o r  t h e  c o n s o n a n t  and  t h e  
p r o c e e d i n g  a n d / o r  f o l l o w i n g  vow el  were  d i s t i n c t l y  d i f f e r e n t .  
E x a m in a t io n  o f  t h e  c h a r t  r e c o r d i n g s  c f  o r a l  a i r  f lo w  f o r  CV 
s y l l a b l e s ,  f o r  e x am p le ,  r e v e a l e d  t h a t ,  f o r  a l l  s u b j e c t s .
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P l g u r »  6 , — C h a r t  r e c o r d  o f  VCV s y l l a b l e  [ I b l ]  p r o d u c e d  by  m ale  s u b j e c t ,
5 s
t h e r e  waa a v e ry  l i t t l e  o r  no o r a l  a i r  f low a t  t h e  end o f  
t h e  i n p l o s i v e  p h a se  o f  t h e  c o n s o n a n t .  R e l e a s e  o f  t h e  o r a l l y  
impounded a i r  i n  t h e  e x p l o s i v e  p h a s e  o f  t h e  c o n so n a n t  r e ­
s u l t e d  in  a s h a r p l y  r i s i n g  l i n e  on t h e  c h a r t  r e c o r d ,  i n d i ­
c a t i n g  a r a p i d  i n c r e a s e  i n  t h e  volume r a t e  o f  a i r  f lo w  from 
t h e  o r a l  c a v i t y .  In  t h e  e x p l o s i v e  p h a s e ,  t h e  maximum f lo w  
r a t e  was u s u a l l y  s u s t a i n e d  f o r  a p e r i o d  o f  l e s s  t h a n  .01  
se co n d  . T h i s  s p i k e  was f o l l o w e d  by a s u s t a i n e d  a i r  f l o w  
p a t t e r n  a t  a  m o d e ra te  f lo w  r a t e  which  was c h a r a c t e r i s t i c  o f  
vowel  p r o d u c t i o n .  In  g e n e r a l ,  t h e  p a t t e r n  f o r  t h e  i m p l o s i v e  
and e x p l o s i v e  p h a s e  o f  t h e  c o n s o n a n t s  in  VCV s y l l a b l e s  was 
s i m i l a r  t o  t h a t  s e e n  f o r  CV s y l l a b l e s .  In  VC s y l l a b l e s ,  
h o w e v e r ,  where  t h e  c o n s o n a n t  s e r v e d  t o  a r r e s t  t h e  s y l l a b l e ,  
an a c c e p t a b l e  a c o u s t i c  p r o d u c t i o n  o f  t h e  s y l l a b l e  was h e a r d  
by t h e  e x a m i n e r  w h e t h e r  o r  n o t  an e x p l o s i v e  p h a s e  was
p r e s e n t .  S in c e  s u b j e c t s  were n o t  s p e c i f i c a l l y  i n s t r u c t e d  t o
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r e l e a s e  t h e  f i n a l  c o n s o n a n t ,  some s u b j e c t s  r e l e a s e d  i t  and  
some d i d  n o t ,  so  t h a t  an e x p l o s i v e  p h a s e  o f  t h e  c o n s o n a n t  
i n  VC s y l l a b l e s  was n o t  a lw ays  fo u n d  on t h e  c h a r t  r e c o r d .
In  a d d i t i o n ,  t h e  c h a r t  r e c o r d  o f  t h e  e x p l o s i v e  p h a s e  i n  VC 
s y l l a b l e s ,  when p r e s e n t ,  was o f t e n  m erg ed  w i t h  t h e  r e c o r d  
o f  an i m m e d i a t e l y - f o l l o w i n g  e x h a l a t i o n .  F o r  t h e s e  r e a s o n s ,  
no d e m o n s t r a b l y  r e l i a b l e  o r  v a l i d  means f o r  d e t e r m i n i n g  t h e  
maximum o r a l  a i r  f lo w  i n  VC s y l l a b l e s  was f o u n d .  No a t t e m p t  
was made, t h e r e f o r e ,  t o  m e a su re  o r a l  a i r  f l o w  i n  t h e  p r o d u c ­
t i o n  o f  c o n s o n a n t s  i n  VC s y l l a b l e s .
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The maximum o r  peak volume r a t e  o f  o r a l  a i r  f low  
d u r i n g  c o n s o n a n t  p r o d u c t i o n  was m easu red  I n  t h i s  s t u d y  f o r  
a number o f  r e a s o n s :  F i r s t ,  t h e  p o i n t  a t  w h ich  p e a k  o r a l
a i r  f lo w  o c c u r r e d  d u r i n g  c o n s o n a n t  p r o d u c t i o n  was c l e a r l y  
I d e n t i f i a b l e  as b e i n g  w i t h i n  t h e  c o n s o n a n t  phoneme; s e c o n d ,  
p r e - e x p e r i m e n t  t r i a l s  I n d i c a t e d  t h a t  t h e  p eak  o r a l  a i r  f low  
I n  p l o s i v e  c o n s o n a n t  p r o d u c t i o n  was one p o i n t  I n  t h e  c h a r t  
t r a c i n g  which  c o u ld  be  r e l i a b l y  d e t e r m i n e d ;  t h i r d .  I t  was 
fou n d  t h a t  t h i s  p o i n t  c o u ld  s e r v e  a s  a r e f e r e n c e  to  which  
m ea su re m e n ts  o f  n a s a l  a i r  f l o w  c o u ld  be r e l a t e d ;  and f o u r t h .  
I t  was f e l t  t h a t  I f  c h ang es  I n  t h e  s y l l a b l e  a n d / o r  vowel 
e n v i r o n m e n t  a f f e c t e d  t h e  c o n s o n a n t s  a t  a l l .  I t  was l i k e l y  
t h a t  t h e  maximum volume r a t e  o f  o r a l  a i r  f lo w  would b e  among 
t h e  f a c t o r s  a f f e c t e d .  I t  a p p e a r e d ,  t h e r e f o r e ,  t h a t  m e a s u r e ­
ment  o f  maximum volume r a t e s  of o r a l  a i r  f l o w  d u r i n g  con­
s o n a n t  p r o d u c t i o n  was f e a s i b l e  and would y i e l d  u s e f u l  and 
m e a n in g f u l  I n f o r m a t i o n ,
M easurements  were made t o  t h e  n e a r e s t  o n e - h a l f  
m i l l i m e t e r  o f  c h a r t  e x c u r s i o n .  To I n s u r e  a c c u r a c y ,  m e a s u r e ­
m en ts  w ere  made on a l l  r e c o r d s  and r e p e a t e d  a  s e c o n d  t i m e .  
M easurem ents  were made a t h i r d  t im e  to  r e s o l v e  d i f f e r e n c e s  
o f  o n e - h a l f  m i l l i m e t e r  o r  more b e tw ee n  th e  f i r s t  and s e co n d  
m e a s u r e m e n t s .  These  d a t a  were c o n v e r t e d  t o  pneumoanemometer  
o u t p u t  v o l t a g e s  by means o f  t h e  f o r m u l a :  v o l t a g e  = .0 2 5  x
m i l l i m e t e r s  o f  c h a r t  e x c u r s i o n .  The fo r m u la  was recommended 
by t h e  m a n u f a c t u r e r  of  t h e  c h a r t  r e c o r d e r  f o r  d e t e r m i n i n g
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i n p u t  v o l t a g e s  e q u i v a l e n t  t o  any  g iv e n  c h a r t  e x c u r s i o n .  As 
p r e v i o u s l y  i n d i c a t e d ,  t h e  v a l i d i t y  o f  t h i s  f o r m u la  was v e r i ­
f i e d  e m p i r i c a l l y .  The v o l t a g e  v a l u e s  o b t a i n e d  b;<' means o f  
t h e  f o r m u la  were  c o n v e r t e d  t o  e q u i v a l e n t  f lo w  r a t e  v a l u e s  in  
l i t e r s  p e r  m in u te  i n  a c c o rd a n c e  w i th  t h e  c a l i b r a t i o n  cu rv e  
f o r  each i n s t r u m e n t . Each f low  r a t e  t n u s  o b t a i n e d  waa 
r a i s e d  by  a c o r r e c t i o n  f a c t o r  t o  com pensa te  f o r  t h e  d i f f e r ­
en ce  i n  t h e  t e m p e r a t u r e  o f  a i r  u s e d  in  c a l i b r a t i o n  and  
t h a t  u sed  i n  s p e e c h .  The s t a t i s t i c a l  t r e a t m e n t  o f  t h e s e  
d a t a  and t h e  f i n d i n g s  f o r  t h i s  s t u d y  a r e  r e p o r t e d  i n  t h e  
f o l l o w i n g  c h a p t e r .
Summary
T w e n t y - f i v e  young a d u l t  m a le s  and  t w e n t y - f i v e  young 
a d u l t  f e m a le s  were u t i l i z e d  a s  s u b j e c t s  i n  t h i s  s t u d y .  A l l  
s u b j e c t s  were  s e l e c t e d  from v o l u n t e e r s  a v a i l a b l e  l o c a l l y ,  
and a l l  were r e q u i r e d  t o  meet  c e r t a i n  s t a n d a r d s  f o r  s e l e c t i o n  
S u b j e c t s  were  r e q u i r e d  t o  be normal s p e a k e r s ,  t o  be  be tw een  
t h e  a g es  o f  t w e n t y  and  t h i r t y - s i x  y e a r s ,  t o  have  e s s e n t i a l l y  
n o rm al  h e a r i n g  in  a t  l e a s t  one e a r ,  t o  p r e s e n t  no h i s t o r y  o f  
r e c e n t  o r  c h r o n i c  r e s p i r a t o r y  i l l n e s s ,  and t o  be  a b l e  t o  
p e r f o r m  t h e  e x p e r i m e n t a l  t a s k  f o l l o w i n g  b r i e f  i n s t r u c t i o n  
and p r a c t i c e .
Each  s u b j e c t  was r e q u i r e d  t o  p ro n o u n c e  a  s e r i e s  o f  
s y l l a b l e s  composed o f  t h e  p l o s i v e  c o n s o n a n t s  [ p ] , [ b ] , [ t ] ,  
[ d ] ,  [ k ] , and  [ g] i n d i v i d u a l l y  combined w i t h  t h e  vow e ls  
[ i ]  and [ a ]  i n  CV, VCV, and VC s y l l a b l e s  (VC s y l l a b l e s  were
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n o t  a n a l y z e d  In  t h i s  e x p e r i m e n t ) .  Bach s u b j e c t  was r e ­
q u i r e d  t o  p ro d u ce  t h e  t h r e e  s y l l a b l e s  I n v o l v i n g  a g iv e n  
c o n s o n a n t  In  c o m b i n a t i o n  w i t h  a g iv e n  vowel  on one e x h a l a t i o n ,  
a t  a c o n v e r s a t i o n a l  l e v e l  o f  I n t e n s i t y ,  and In  a m o n o to n e .
The r e q u i r e m e n t  f o r  a c o n v e r s a t i o n a l  l e v e l  o f  I n t e n s i t y  was 
Imposed b e c a u s e  i t  wes d e s i r e d  t o  I n v e s t i g a t e  volume r a t e s  
o f  o r a l  and n a s a l  a i r  f low  a t  l e v e l s  o f  v o c a l  i n t e n s i t y  
which were  c o m f o r t a b l e  f o r  t h e  s p e a k e r ,  r a t h e r  t h a n  a t  
a r t i f i c i a l l y  imposed i n t e n s i t y  l e v e l s  w h ic h  m ig h t  be t y p i c a l  
o f  some s p e a k e r s ,  b u t  n o t  o f  o t h e r s .  S u b j e c t s  w ere  r e q u i r e d  
t o  s p e a k  i n  a  monotone  s o  t h a t  a d i s p r o p o r t i o n a t e  i n f l e c ­
t i o n  e m p h a s i s  would  n o t  be g i v e n  any  one s y l l a b l e  i n  t h e  
t h r e e  s y l l a b l e  s e q u e n c e .  To gu a rd  f u r t h e r  a g a i n s t  t h i s  
p o s s i b i l i t y ,  t h e  o r d e r  o f  p r e s e n t a t i o n  o f  a y l l a b l e a  w i t h i n  
a s e q u e n c e  was r a n d o m i z e d .
A l l  d a t a  w ere  c o l l e c t e d  i n  a s o u n d - t r e a t e d  t e s t  
room which  p r o v i d e d  a s i m i l a r  s p e a k i n g  e n v i r o n m e n t  f o r  a l l  
s u b j e c t s .  S u b j e c t s  w ere  s e a t e d  d u r i n g  t h e  c o l l e c t i o n  o f  
d a t a .  Two pneumoanemometer  u n i t s ,  w h ic h  a r e  s p e c i a l l y  d e ­
s i g n e d  hobw lre  a n em om ete rs ,  were  u t i l i z e d  i n  d a t a  c o l l e c t i o n .  
The anemometer  s e n s i n g  e l e m e n t s  were c o n t a i n e d  in  o r a l  a n d  
n a s a l  s e c t i o n s  o f  an o p e n -e n d e d  m e t a l  t u b e  w h ich  p r o t r u d e d  
a n t e r i o r l y  from a f a c e  m ask .  A p a r t i t i o n  i n  t h e  m id d l e  o f  
t h e  t u b e  and f a c e  m ask s e p a r a t e d  t h e  o r a l  from t h e  n a s a l  
a i r  f l o w .  Because  t h e  t u b e  was open a t  t h e  e n d ,  t h e r e  was 
n e g l i g i b l e  impedance  t o  t h e  a i r  f l o w .  Each s e n s i n g  e le m e n t
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was c o n n e c t e d  t o  a d i f f e r e n t  pneuraoanemometer u n i t ,  p e r m i t t i n g  
s e p a r a t e  and s i m u l t a n e o u s  t r a n s d u c t i o n  o f  o r a l  and  n a s a l  a i r  
f low  i n t o  c o n t i n u o u s  v o l t a g e  a n a l o g s .  These  a n a l o g s  were 
r e c o r d e d  on s e p a r a t e  c h a n n e l s  o f  a d u a l - c h a n n e l  c h a r t  
r e c o r d e r .  The p e ak  volume r a t e  o f  c o n s o n a n t  o r a l  a i r  f l o w  
was t h e n  l o c a t e d  on t h e  c h a r t  r e c o r d s  o f  each  s y l l a b l e ,  
and t h i s  e x c u r s i o n  was m easu re d  t o  t h e  n e a r e s t  o n e - h a l f  
m i l l i m e t e r .  The n a s a l  volume r a t e  o f  f lo w  r e g i s t e r e d  a t  
t h e  i n s t a n t  o f  maximum o r a l  a i r  f lo w  d u r i n g  c o n s o n a n t  
p r o d u c t i o n  was s i m i l a r l y  m e a s u r e d .  The m e a su re m e n ts  t h u s  
o b t a i n e d  were  c o n v e r t e d  m a t h e m a t i c a l l y  t o  volume r a t e s  o f  
o r a l  a n d  n a s a l  a i r  f low  e x p r e s s e d  i n  l i t e r s  p e r  m i n u t e .
CHAPTER IV 
RESULTS
T h is  s t u d y  was d e s i g n e d  t o  i n v e s t i g a t e  o r a l  a n d  
n a s a l  a i r  f lo w  d u r i n g  p l o s i v e  c o n s o n a n t  p r o d u c t i o n .  The 
p l o s i v e s  [ p ] ,  [ b ] ,  [ t ] ,  [ d ] ,  [ k ] ,  and [g ]  were p r o d u c e d  by 
f i f t y  n o r m a l - s p e a k i n g  young a d u l t s ,  t w e n t y - f i v e  m a le  and 
t w e n t y - f i v e  f e m a le ,  i n  c o n s o n a n t - v o w e l  and v o w e l - c o n s o n a n t -  
vow el  n o n s e n s e  s y l l a b l e s  i n  c o m b i n a t i o n  w i t h  t h e  vowel  [ i ]  
and t h e  vowel [ a ] .  Two pneumoanemometer  u n i t s  and a d u a l ­
c h a n n e l  c h a r t  r e c o r d e r  w e re  u t i l i z e d  t o  m ea su re  and r e c o r d  
t h e  volume r a t e s  o f  o r a l  a n d  n a s a l  a i r  f l o w  o c c u r r i n g  d u r i n g  
p r o d u c t i o n  o f  t h e  s y l l a b l e s .  The c h a r t  r e c o r d s  o f  t b e  c o n ­
s o n a n t s  were  t h e n  a n a l y z e d  t o  d e t e r m i n e  tbe maximum volume 
r a t e  o f  o r a l  a i r  f lo w  and  the  s i m u l t a n e o u s l y  o c c u r r i n g  
volume r a t e  o f  n a s a l  a i r  f l o w .  By means o f  a m a t h e m a t i c a l  
c o n v e r s i o n ,  e a c h  datum t h u s  o b t a i n e d  was e x p r e s s e d  a s  a 
volume r a t e  o f  a i r  f l o w  i n  l i t e r s  p e r  m i n u t e .
The d a t a  f o r  m a le  and fem a le  s u b j e c t s  were a n a l y z e d  
s t a t i s t i c a l l y  by means o f  a s p l i t - p l o t - d e s i g n  a n a l y s i s  o f  
v a r i a n c e  w i t h  a f a c t o r i a l  a r r a n g e m e n t  o f  t r e a t m e n t s . a nd ,  
where  a p p r o p r i a t e ,  by t h e  Duncan M u l t i p l e  Range T e a t ,  i n  
o r d e r  t o  an sw er  t h e  r e s e a r c h  q u e s t i o n s  s t a t e d  i n  C h a p t e r  I I I ,
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Alpha l e v e l  was s e t  a t  . 0 $ .  I t  may be n o t e d  t h a t  t h i s  s t u d y  
was, i n  e f f e c t ,  a r e p l i c a t i o n  o f  one e x p e r i m e n t  on two d i f ­
f e r e n t  g ro u p s  of  s u b j e c t s  c l a s s i f i e d  by s e x .  A l th o u g h  th e  
d a t a  f o r  th e  two s e x e s  were  n o t  compared s t a t i s t i c a l l y ,  
t r e n d s  common t o  th e  two s e x e s  o r  d i f f e r e n t  f o r  t h e  s e x e s  
a r e  d i s c u s s e d  i n  t h e  p r e s e n t a t i o n  o f  f i n d i n g s .
I n  th e  d i s c u s s i o n  o f  f i n d i n g s  w h ich  f o l l o w s ,  t h e r e  
i s  f r e q u e n t  n e e d  to r e f e r  t o  the  "mean maximum volume r a t e  
o f  o r a l  a i r  f lo w "  and t h e  " s i m u l t a n e o u s l y  m e a su re d  mean 
maximum volume r a t e  o f  n a s a l  a i r  f lo w "  f o r  the  c o n s o n a n t s  
s t u d i e d .  However, b e c a u s e  o f  t h e  l e n g t h  o f  t h e s e  t e r m s ,  
s h o r t e r  e x p r e s s i o n s  a r e  u s u a l l y  em p loy ed .  The r e a d e r  i s  
a d v i s e d  t h a t  whenever  t h e  te rm s  "mean o r a l  a i r  f l o w , "  "mean 
n a s a l  a i r  f l o w , "  t r a l  a i r  f l o w , "  o r  " n a s a l  a i r  f lo w "  a r e  
u s e d ,  t h e y  a r e  s u b s t i t u t e s  f o r  t h e  l o n g e r  and more a c c u r a t e  
t e r m s  n o t e d  abo v e .
C onsonan t  O r a l  A i r  F low 
E x a m in a t io n  o f  t h e  summaries  o f  th e  a n a l y s e s  o f  v a r i ­
ance f o r  t h e  o r a l  a i r  f l o w  d a t a ,  p r e s e n t e d  i n  T a b l e s  1 and 2 ,  
I n d i c a t e s  t h a t ,  f o r  b o t h  male  and f e m a le  s u b j e c t s ,  t h e  c o n s o ­
n a n t ,  v o w e l ,  and s y l l a b l e  m a in  e f f e c t s ,  and the v o w e l -b y -  
c o n s o n a n t ,  v o w e l - b y - s y l l a b l e ,  and  c o n s o n a n t - b y - s y l l a b l e  
i n t e r a c t i o n s  a r e  s i g n i f i c a n t .  The v o w e l - b y - c o n s o n a n t - b y -  
s y l l a b l e  i n t e r a c t i o n  i s  n o t  s i g n i f i c a n t  f o r  e i t h e r  s e x .
C o n so n a n t  Main E f f e c t  
One o f  the  m a j o r  p u r p o s e s  o f  t h i s  s t u d y  was t o
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TABLE 1 .--Sum m ary  o f  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  c o n ­
s o n a n t  o r a l  a i r  f l o w  d a t a  f rom t w e n t y - f i v e  male  s u b j e c t s
S o u rc e d f ms
Vowel (V) 1 1 0 4 1 .2 0 75.86i^
C o n so n a n t  (C) 5 1 9 2 6 7 .4 2 1 4 0 .37*
VC 5 9 3 6 .3 6 6 . 82*
E r r o r  A 26lj. 1 3 7 .2 6
S y l l a b l e  (S) 1 1 2 7 3 9 3 .2 0 4 4 6 .0 1 *
VS 1 3 0 4 2 .7 0 1 0 .6 5 *
CS 5 5 1 1 8 .1 6 1 7 .9 2 *
VCS 5 2 9 1 .3 8 1 . 0 2
E r r o r  B 288 2 8 5 .6 3
*P < .o5
TABLE 2 , — Summary o f  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  con­
s o n a n t  o r a l  a i r  f l o w  d a t a  f rom  t w e n t y - f i v e  fem ale  s u b j e c t s
S o u rc e ms P
Vowel (V) 1 6 1 0 4 .9 0 4 8 . 36*
C o n so n a n t  (C) 5 1 7 2 8 3 .5 4 1 3 6 .9 1 *
VC 5 1 0 8 5 .4 0 8 . 60*
E r r o r  A 264 1 2 6 .2 4
S y l l a b l e  (S) 1 7 1 9 3 8 .0 0 3 6 .6 0 *
VS 1 1 5 9 1 .1 6 8 .1 0 *
CS 5 4 0 1 4 .1 6 2 0 . 4 2 *
VCS 5 2 1 4 .8 4 1 .0 9
E r r o r  B 288 1 9 6 .5 6
<.03
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I n v e s t i g a t e  p o s s i b l e  d i f f e r e n c e s  i n  o r a l  a i r  f l o w  among t h e  
s i x  p l o s i v e  c o n s o n a n t s  t e s t e d .  F i g u r e  7 p r e s e n t s ,  f o r  m a le  
and f e m a le  s u b j e c t s ,  t h e  mean o r a l  a i r  f low  f o r  e a c h  c o n s o n a n t  
a v e r a g e d  o v e r  b o t h  t y p e s  o f  s y l l a b l e  and  vowel  c o n t e x t ,  A 
c o m p a r i s o n  o f  t h e s e  means r e v e a l s  t h a t  m ales  a v e r a g e d  g r e a t e r  
o r a l  a i r  f l o w  t h a n  f e m a le s  i n  t h e  p r o d u c t i o n  o f  e a c h  o f  the  
s i x  c o n s o n a n t s .  F o r  male  s u b j e c t s ,  t h e  l a r g e s t  mean a i r  
f l o w  was r e c o r d e d  f o r  t h e  [ t ]  so u n d ,  f o l l o w e d  i n  o r d e r  o f  
d e c r e a s i n g  f lo w  by t h e  [ p ] ,  [ k ] ,  [ d ] ,  [ b ] ,  and [g ]  s o u n d s .
The o r d e r  i s  s i m i l a r  f o r  f e m a le  s u b j e c t s  e x c e p t  t h a t  t h e  
mean f o r  t h e  [ g ]  sound e x c e e d s  t h a t  f o r  [ b ] .  I t  i s  i n t e r e s t ­
i n g  t h a t ,  f o r  b o t h  s e x e s ,  g r e a t e r  o r a l  a i r  f l o w  means o c c u r r e d  
i n  t h e  p r o d u c t i o n  o f  t h e  v o i c e l e s s  p l o s i v e s ,  [ t ] ,  [ p ] ,  and 
[ k ] ,  t h a n  i n  t h e  v o i c e d  p l o s i v e s ,  [ d ] ,  [ b ] ,  and  [ g ] .  The mean 
f o r  t h e  [k ]  so u n d ,  which  i s  tbs  s m a l l e s t  of  t h o s e  f o r  t h e  
v o i c e l e s s  p l o s i v e s ,  s u b s t a n t i a l l y  e x c e e d s  t h a t  f o r  any  o f  t h e  
v o i c e d  s o u n d s .
Summaries o f  t h e  a n a l y s e s  o f  v a r i a n c e  f o r  the  o r a l  
a i r  f l o w  d a t a  f o r  male  and f o r  f e m a l e  s u b j e c t s  a r e  p r e s e n t e d  
i n  T a b l e s  1 and 2 ,  r e s p e c t i v e l y .  I n s p e c t i o n  o f  T a b l e s  1 and  
2 i n d i c a t e s  t h a t  t h e  c o n s o n a n t  m a in  e f f e c t  i s  s i g n i f i c a n t  f o r  
b o t h  male  and f e m a le  s u b j e c t s .  The p r e s e n c e  o f  t h i s  s i g n i f i ­
c a n t  m ain  e f f e c t  i n d i c a t e s  t h a t ,  when o r a l  a i r  f l o w  means a r e  
a v e r a g e d  ov e r  a l l  s y l l a b l e  end v o w e l  c o n t e x t s  f o r  e a c h  o f  t h e  
s i x  c o n s o n a n t s ,  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r e n c e  among t h e  
m e a n s .










[t] [p] [k] [d]
CONSONANTS
[b] ' [g]
Figure 7.--Oral air flow means for each of the six 
plosive consonants produced in both CV and VCV syllables 
in combination with [i] and [a], for twenty-five subjects 
of each sex.
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t h e  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  c o n s o n a n t  means which 
w ere  d e t e c t e d  by t h e  a n a l y s i s  o f  v a r i a n c e .  The r e s u l t s  o f  
t h e s e  t e s t s  a r e  p r e s e n t e d  I n  T a b l e s  3 and I4.. I n s p e c t i o n  
o f  Table  3 r e v e a l s  t h a t ,  f o r  m a le  s u b j e c t s ,  e a c h  o f  t h e  o r a l  
a i r  f lo w  means f o r  t h e  [ t ] ,  [ p ] ,  and [k ]  sounds  I s  s i g n i f i ­
c a n t l y  l a r g e r  t h a n  the ms ans  f o r  t h e  [ d ] ,  [ b ] ,  a id  [g ]  s o u n d s .  
The means f o r  t h e  [ t ]  and [k]  sounds  a r e  a l s o  s i g n i f i c a n t l y  
d i f f e r e n t .  A l l  o t h e r  d i f f e r e n c e s  aaong means a r e  n o t  s i g n i ­
f i c a n t ,  T a b l e  1]. shows t h a t ,  f o r  t h e  f e m a le  s u b j e c t s ,  t h e  
means f o r  t h e  [ t ] ,  [ p ] , and [ k j  sounds  a r e  s i g n i f i c a n t l y  
g r e a t e r  t h a n  th o s e  f o r  t h e  [ d ] ,  [ b ] , and [g]  s o u n d s .  The 
mean f o r  t h e  [ t ]  sound  I s  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  
means f o r  [p ]  and [ k ] ,  and  t h e  mean f o r  t h e  [d]  so u n d  I s  
s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  means f o r  th e  [b ]  and [g ]  
s o u n d s .  A l l  o t h e r  d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t .
T h i s  m & l y s l s  I n d i c a t e s  t h a t ,  f o r  b o t h  s e x e s ,  t h e r e  
I s  a  s i g n i f i c a n t l y  g r e a t e r  mean o r a l  a i r  f lo w  I n  the  p r o ­
d u c t i o n  o f  t h e  v o i c e l e s s  c o n s o n a n t s  t h a n  I n  v o i c e d  c o n s o n a n t s .  
T h i s  f i n d i n g  a p p e a r s  t o  p a r a l l e l  t h e  f i n d i n g  r e p o r t e d  by  
B l a c k  (^)  t h a t  v o i c e l e s s  c o n s o n a n t s  a r e  c h a r a c t e r i z e d  by 
s i g n i f i c a n t l y  g r e a t e r  I n t r a o r a l  a i r  p r e s s u r e s  t h a n  v o i c e d  
c o n s o n a n t s .  The on ly  s i g n i f i c a n t  p a t t e r n  w i t h  r e s p e c t  t o  
p l a c e  o f  a r t i c u l a t i o n  r e v e a l e d  by t h e  p r e s e n t  f l n d l p g s  i s  
t h a t ,  f o r  f e m a l e  s u b j e c t s ,  t h e  l i n g u a - a l v e o l a r  c o n s o n a n t s  
[ t ]  and [d]  I n v o l v e d  g r e a t e r  o r a l  a i r  f low  means t h a n  t h e  
o t h e r  v o i c e l e s s  and v o i c e d  c o n s o n a n t s ,  r e s p e c t i v e l y .
TABLE 3 . —D u nem  M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  among o r a l  a i r  f l o w  means f o r  
e a c h  o f  t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  I n  b o t h  CV and  VCV s y l l a b l e s  I n  com bina ­
t i o n  w i t h  [ i ]  and [ a ] ,  f o r  t w e n t y - f i v e  m a le  s u b j e c t s
a) S h o r t e s t  S i g n i f i c a n t  Ranges
P:
Rp t










1 1 .7 0
C o n s o n a n t s :
Means:
[g ]
1 4 .1 4
[b ]






4 0 .5 1 47*28 g:
N o te :  Any two means n o t  u n d e r s c o r e d  by ü i e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t
t h e  .0 5  l e v e l .
Any two means u n d e rsco r ed  by th e  same l i n e  are not s i g n i f i c a n t l y  d i f f e r e n t .
TABLE l4. ,— Duncan M u l t i p l e  Rang# T a e t  f o r  d i f f e r e n c e s  among o r a l  a i r  f l o w  means f o r  
e a c h  o f  t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  I n  b o t h  CV and  VCV s y l l a b l e s  I n  
c o m b i n a t i o n  w i t h  [ 1 ]  a n d  [ a ] ,  f o r  t w e n t y - f i v e  f e m a le  s u b j e c t s
a) S h o r t e s t  S i g n i f i c a n t  Ranges
p :  (2 )  (3 )  (4 )  (5)  (6)
Rp: 3 .15  3 .32  3 .43  3 .51  3 .57
b )  R e s u l t s :
C o n s o n a n t s :  [b ]  [ g ]  [d ]  [k ]  [p ]  [ t l
Means: 8 . 8 6  9 .6 3  1 3 .2 3  2 9 . 6 9  3 1 . 1 6  3 9 . 8 4
N o t e :  Any two means n o t  u n d e r s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t
t h e  ,0 5  l e v e l .
Any two means u n d e rsco r ed  by th e  same l i n e  are n o t s i g n i f i c a n t l y  d i f f e r e n t .
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Vowel Main E f f e c t  
A s e c o n d  m a jo r  p u rp o s e  o f  t h i s  s t u d y  was t o  i n v e s t i ­
g a t e  t h e  e f f e c t  o f  two d i f f e r e n t  vowel  c o n t e x t s  on o r a l  a i r  
f l o w  o c c u r r i n g  i n  p l o s i v e  c o n s o n a n t  p r o d u c t i o n ,  !Rie vowels  
[ i ]  and  [ a ]  w ere  c h o se n  t o  a l l o w  c c n ç a r i s o n  o f  o r a l  a i r  f lo w  
means f o r  t h e s e  c o n s o n a n t s  when combined  w i t h  e a c h  o f  two 
v o w e ls  d i f f e r i n g  i n  t o n g u e  p o s i t i o n  and i n  v e l o p h a r y n g e a l  
v a l v l n g .  F i g u r e  6 p r e s e n t s ,  f o r  male  and  f e m a le  s u b j e c t s ,  
t h e  o r a l  a i r  f lo w  means f o r  p l o s i v e s  com bined  w i t h  [ i ]  and 
combined  w i t h  [ a ] .  The means a r e  a v e r a g e d  o v e r  t h e  s i x  c on ­
s o n a n t s  and b o t h  s y l l a b l e  c o n t e x t s .  I t  may b e  s e e n  i n  F i g u r e  
8 t h a t  b o t h  male  and f e m a le  s u b j e c t s  a v e r a g e d  g r e a t e r  o r a l  a i r  
f l o w  i n  p r o d u c t i o n  o f  t h e  c o n s o n a n t s  c om bined  w i t h  [ a ]  th an  
w i t h  [ i ] ,  Male s u b j e c t s  e v i d e n c e d  g r e a t e r  o r a l  a i r  f l o w  i n  
p r o d u c t i o n  o f  p l o s i v e  c o n s o n a n t s  t h a n  d i d  f e m a l e s  when th e  
c o n s o n a n t s  were  combined w i t h  [ i ]  and  when t h e y  w ere  combined 
w i t h  [ a ] .  However,  t h e  d i f f e r e n c e s  among t h e  m e a s u r e d  v a l u e s  
f o r  t h e  two s e x e s  were  n o t  t e s t e d  f o r  s t a t i s t i c a l  s i g n i f i c a n c e .
The a n a l y s é s  o f  v a r i a n c e  sum m arized  i n  T a b l e s  1 and 
2 i n d i c a t e  t h a t  t h e  vo w e l  main  e f f e c t  i s  s i g n i f i c a n t .  S in c e  
t h e  vow el  [ a ]  i s  a s s o c i a t e d  w i t h  s i g n i f i c a n t l y  g r e a t e r  
c o n s o n a n t  o r a l  a i r  f l o w  t h e n  t h e  vowel  [ i ] ,  i t  may be t h a t  
t h e  r e l a t i v e l y  h i g h  e l e v a t i o n  o f  t h e  to n g u e  f o r  [ i ]  t e n d s  t o  
b l o c k  p a r t i a l l y  t h e  o r a l  a i r  f lo w  w he reas  t h e  r e l a t i v e l y  low 
to n g u e  p o s i t i o n  f o r  [ a ]  d o e s  n o t .
These  f i n d i n g s  may be c o n t r a s t e d  w i t h  t h o s e  o f  B la c k  











[1 ]  [ a ]
F i g u r e  8 , — O r a l  a i r  f l o w  m eans  f o r  t h e  s i x  p l o s i v e  
c o n s o n a n t s  p r o d u c e d  i n  c o m b i n a t i o n  w i t h  [ i ]  and i n  combina* 
t i o n  w i t h  [ a ] ,  f o r  t w e n t y - f i v e  s u b j e c t s  o f  e a c h  s e x .  The 
means a r e  o v e r  CV and  VCV s y l l a b l e s •
70
p r o d u c t i o n  o f  e i g h t  c o n s o n a n t s  ( [ p ] ,  [ b ] ,  [ d ] ,  [ t ] ,  [ v ] ,  [ f ] ,  
[ z ] ,  and [ s ] )  combined w i t h  th e  v o w e ls  [ a ] ,  [ 1 ] ,  and [ a ] i n  
i n i t i a l ,  m e d i a l ,  and  f i n a l  s y l l a b i c  p o s i t i o n s .  B la c k  fo u n d  
no d i f f e r e n t i a l  vowel e f f e c t  on t h e  c o n s o n a n t s .  He s t a t e d  
t h a t :  "The f a c t  t h a t  t h e  vow els  w i t h  v a r y i n g  d e g r e e s  of
o p e n n e s s  had  no d i f f e r e n t i a l  e f f e c t  upon  th e  c o n s o n a n t s  i s  
i n t e r e s t i n g .  D i f f e r e n t  c o n s o n a n t s  a r e  known t o  a f f e c t  t h e  
v ow e ls  t h a t  p r o c e e d  o r  f o l l o w  th e m ,"
I t  s h o u l d  be n o t e d  t h a t  t h e r e  a r e  c e r t a i n  d i f f e r ­
e n c e s  b e tw ee n  t h e  p r e s e n t  s t u d y  a n d  B l a c k ' s  s t u d y  w i t h  r e g a r d  
t o  t h e  number and ty p e  o f  c o n s o n a n t s  and  v o w e l s  s t u d i e d  and  
t h e  e x p e r i m e n t a l  p r o d e d u r e  e m p lo y ed .  B la c k  c o n s i d e r e d  f r i c a ­
t i v e  a s  w e l l  as  p l o s i v e  c o n s o n a n t s  and  i n c l u d e d  t h e  v o w e l  [a ] 
a s  w e l l  a s  t h e  vowels  [ i ]  and [ a ]  i n  h i s  e x p e r i m e n t a l  s y l l a ­
b l e s ,  I n  a d d i t i o n .  B l a c k  m e a s u re d  i n t r a o r a l  a i r  p r e s s u r e  
d u r i n g  t h e  i m p l o s i v e  p h a s e  o f  th e  c o n s o n a n t ,  w h i l e ,  i n  t h i s  
s t u d y ,  t h e  a i r  f l o w  d u r i n g  th e  e x p l o s i v e  p h a s e  was c o n s i d e r e d .  
D i f f e r e n c e s  b e tw ee n  t h e  f i n d i n g s  f o r  the two s t u d i e s  may a l s o  
be r e l a t e d  t o  t h e  m anner  o f  d a t a  c o l l e c t i o n .  B l a c k  r e p o r t e d  
t h a t ,  i n  h i s  s tu d y ,  t h e  o r d e r  o f  t h e  v o w e ls  was r o t a t e d  f ro m  
r e a d e r  t o  r e a d e r .  I n  t h i s  s tu d y ,  t h e  o r d e r  of v o w e ls  was n o t  
r o t a t e d .  I t  i s  c o n c e i v a b l e ,  t h e r e f o r e ,  t h a t  t h e  d i f f e r e n t i a l  
vowel  e f f e c t  on c o n s o n a n t  o r a l  a i r  f l o w  i n  t h i s  s t u d y  may 
have b e en  d u e ,  a t  l e a s t  i n  p a r t ,  t o  t h e  m an ne r  o f  d a t a  c o l l e c ­
t i o n .  I t  i s  a l s o  p o s s i b l e  t h a t  th e  seem in g  d i s a g r e e m e n t  w i t h  
B l a c k ' s  f i n d i n g s  i s  due t o  d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y  o f  
t h e  i n s t r u m e n t a t i o n  e m p lo y ed .  B l a c k  i n d i c a t e d  t h a t  " t h e
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m e c h a n i c a l  t e c h n i q u e  employed i n  t h i a  s t u d y  i s  s u b j e c t  t o  
r e v i e w  i n  s u b s e q u e n t  a p p r o a c h e s  t h a t  may u t i l i z e  l e a s  
cuoiberaome e q u ip m e n t .  T here  was d o u b t l e s s  some d i s t o r t i o n  
o f  n o rm al  sp e e c h  d u e  t o  r e a d e r s  h a v in g  a p r e s s u r e  t u b e  i n  
th e  m o u th , "  The i n s t r u m e n t a t i o n  employed i n  t h i s  s t u d y  was 
e x t r e m e l y  s e n s i t i v e  and  may, t h e r e f o r e ,  have r e v e a l e d  s u b t l e  
d i f f e r e n c e s  n o t  r e v e a l e d  by  B l a c k ' s  i n s t r u m e n t a t i o n .
S y l l a b l e  Main E f f e c t  
A t h i r d  p u r p o s e  o f  t h e  p r e s e n t  s t u d y  was t o  d e t e r m i n e  
t h e  d i f f e r e n t i a l  e f f e c t ,  i f  a n y ,  of  t h e  tw o  t y p e s  o f  s y l l a b l e  
(CV, VCV) on o r a l  a i r  f lo w  o c c u r r i n g  i n  t h e  p r o d u c t i o n  o f  
p l o s i v e  c o n s o n a n t s .  I t  was f e l t  t h a t  s u c h  i n f o r m a t i o n  would 
a i d  i n  d e t e r m i n i n g  w h e t h e r  t h e  p o s i t i o n  o f  a  p l o s i v e  I n  a 
s y l l a b l e  h a d  an  e f f e c t  on t h e  r a t e  o f  o r a l  a i r  f l o w  u t i l i z e d  
i n  i t s  p r o d u c t i o n .  The o r a l  a i r  f lo w  means a v e r a g e d  o v e r  
a l l  c o n s o n a n t s  and b o t h  vow els  f o r  c o n s o n a n t s  i n  CV and VCV 
s y l l a b l e s  a r e  p r e s e n t e d  i n  F i g u r e  9 ,  I t  may be s e e n  i n  
F i g u r e  9 t h a t  m ale  s u b j e c t s  u t i l i z e d  g r e a t e r  mean o r a l  a i r  
f l o w  i n  t h e  p r o d u c t i o n  o f  t h e i r  c o n s o n a n t s  t h a n  d i d  f e m a le s  
i n  each  o f  t h e  two t y p e s  o f  s y l l a b l e s .  The d i f f e r e n c e s  
b e tw ee n  t h e  v a l u e s  f o r  t h e  two s e x e s  were  n o t  t e s t e d  f o r  
s t a t i s t i c a l  s i g n i f i c a n c e ,  h o w e v e r .  I t  may a l s o  b e  n o t e d  
t h a t ,  f o r  b o t h  male  and fem a le  s u b j e c t s ,  p l o s i v e s  p r o d u c e d  
i n  CV s y l l a b l e s  i n v o l v e d  s u b s t a n t i a l l y  g r e a t e r  mean o r a l  
a i r  f l o w  t h a n  c o n s o n a n t s  p r o d u c e d  i n  VCV s y l l a b l e s .







F i g u r e  9 . — O ra l  a i r  f l o w  means f o r  t h e  s i x  p l o s i v e  
c o n s o n a n t s  p r o d u c e d  i n  CV and  i n  VCV s y l l a b l e s ,  f o r  t w e n t y -  
f i v e  s u b j e c t s  o f  e a c h  s e x .  The means a r e  o v e r  t h e  v o w e l s  
[ i ]  and  [ a ] ,
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2 r e v e a l  t h a t  t h e  s y l l a b l e  main  e f f e c t  was s i g n i f i c a n t  f o r  
b o t h  s e x e s .  These f i n d i n g s  s u g g e s t  t h a t ,  f o r  b o th  s e x e s ,  t h e r e  
i s  a p h y s i o l o g i c a l  d i f f e r e n c e  I n  t h e  way p l o s i v e  c o n s o n a n t s  
a s  a g ro u p  a r e  p r o d u c e d  i n  t h e  i n i t i a l  a i d  m e d i a l  p o s i t i o n s  
i n  a s y l l a b l e .  Media l  p l o s i v e  c o n s o n a n t s  a r e  a s s o c i a t e d  
w i t h  l e s s  o r a l  a i r  f lo w  t h a n  i n i t i a l  p l o s i v e s .  These  r e s u l t s  
p a r a l l e l  t h o s e  o f  B l a c k  (^ )  who r e p o r t e d  s i g n i f i c a n t l y  
g r e a t e r  I n t r a o r a l  a i r  p r e s s u r e s  f o r  p l o s i v e  c o n s o n a n t s  I n  
t h e  I n i t i a l  t h a n  I n  t h e  m e d i a l  s y l l a b i c  p o s i t i o n .
V o w el-b y -C o n so n a n t  I n t e r a c t i o n
I t  was r e p o r t e d  e a r l i e r  I n  t h e  d i s c u s s i o n  o f  t h e  
c o n s o n a n t  m a in  e f f e c t  t h a t ,  when t h e  o r a l  a i r  f l o w  means f o r  
e a c h  o f  t h e  s i x  c o n s o n a n t s  were a v e r a g e d  o v e r  t h e  two t y p e s  
o f  vowel and two t y p e s  o f  s y l l a b l e s ,  t h e r e  were  s i g n i f i c a n t  
d i f f e r e n c e s  among c e r t a i n  o f  t h e  c o n s o n a n t  m e a n s .  I n  th e  
a n a l y s i s  o f  t h e  vowel  m ain  e f f e c t .  I t  was fo u n d  t h a t  when 
t h e  means w ere  a v e r a g e d  o v e r  th e  s i x  c o n s o n a n t s  and  b o t h  
s y l l a b l e s  t h e  two v o w e ls  had  a s i g n i f i c a n t l y  d i f f e r e n t  
e f f e c t  on c o n s o n a n t  o r a l  a i r  f l o w .  I t  was o f  i n t e r e s t ,  
t h e r e f o r e ,  t o  d e t e r m i n e  I f  t h e  two vowels  a f f e c t e d  t h e  o r a l  
a i r  f l o w  means f o r  e a c h  o f  t h e  s i x  c o n s o n a n t s  s i m i l a r l y ,  o r ,  
s t a t e d  I n  t h e  c o n v e r s e .  I f  t h e  I n d i v i d u a l  c o n s o n a n t s  were  
e q u a l l y  r e s p o n s i v e  t o  t h e  vowel I n f l u e n c e ,  D ata  p e r t i n e n t  
t o  t h i s  q u e s t i o n  I s  f o u n d  I n  t h e  v o w e l - b y - c o n s o n a n t  
I n t e r a c t i o n .
T r e n d s  I n  t h e  d a t a  m aking  up t h e  v o w e l - b y - c o n s o n a n t
7U
i n t e r a c t i o n  may be examined f i r s t .  The o r a l  a i r  f lo w  means 
f o r  e ac h  o f  t h e  s i x  c o n s o n a n t s  i n  c o m b i n a t i o n  w i t h  t h e  vow els  
[ i ]  and [ a ]  f o r  mala  and f e m a le  s u b j e c t s  a re  p l o t t e d  i n  
F i g u r e s  10 th r o u g h  1 3 .  I n s p e c t i o n  o f  t h e s e  f i g u r e s  r e v e a l s  
t h a t ,  f o r  b o t h  male and  fem ale  s u b j e c t s ,  t h e  r a n k  o r d e r  o f  
means f o r  t h e  p l o s i v e s  combined w i t h  [ i ]  i s  t h e  same as  t h a t  
r e p o r t e d  f o r  t h e  p l o s i v e  means a v e r a g e d  o v e r  b o th  v o w e l s  and 
b o t h  t y p e s  o f  s y l l a b l e .  For  p l o s i v e s  com bined  w i t h  [ a ] ,  
how ever ,  t h e  r a n k  o r d e r  o f  t h e  means f o r  [p ]  and [k ]  i s  
r e v e r s e d .  The mean f o r  [p ]  e x c e e d s  t h e  mean f o r  [ k ]  when 
t h e  c o n s o n a n t s  a r e  com bined  w i t h  [ i ] ,  b u t  t h e  mean f o r  [k ]  
e x c e e d s  t h a t  f o r  [p]  when t h e  c o n s o n a n t s  a r e  com bined  w i th  
[ a ] .  I n s p e c t i o n  o f  F i g u r e s  10 t h r o u g h  13 a l s o  r e v e a l s  t h a t  
t h e  o r a l  a i r  f l o w  mean f o r  e a c h  c o n s o n a n t  combined w i t h  [a] 
i s , i n  e v e r y  i n s t a n c e ,  g r e a t e r  t h a n  t h a t  f o r  t h e  same c o n s o n a n t  
combined w i t h  [ i ] .
F i g u r e s  10 t h r o u g h  13 a l s o  show t h a t ,  f o r  b o t h  s e x e s ,  
t h e  c o n s o n a n t  [ t ] ,  i n  e a c h  o f  t h e  vowel  c o n t e x t s ,  i s  a s s o c i a ­
t e d  w i t h  g r e a t e r  mean o r a l  a i r  f l o w  t h a n  the  o t h e r  c o n s o n a n t s .  
These  f i n d i n g s  a l s o  s u g g e s t  t h a t  the  c o n s o n a n t  [k ]  i s  m a r k e d ly  
a f f e c t e d  b y  t h e  vo w e l  e n v i r o n m e n t  as  e v i d e n c e d  by  a  l a r g e  
d i f f e r e n c e  i n  t h e  means f o r  t h i s  c o n s o n a n t  when c o m b in ed  w i t h  
[ i ]  and  w i t h  [ a ] .  O th e r  c o n s o n a n t s  a p p e a r  t o  h a v e  b een  
a f f e c t e d  l e s s  m a r k e d l y .
I n  F i g u r e s  12 and 1 3 ,  t h e  means f c r  t h e  s i x  c o n s o ­
n a n t s  arc p l o t t e d  a c r o s s  t h e  two vow el  c o n t e x t s  f o r  m a le  and 
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CONSONANTS
Figure 10.--Oral air flow means for each of the six 
plosive consonants produced in combination with [i] and in 
combination with [a], for twenty-five male subjects. The 
means are over CV and VCV syllables.
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[ t ] [p] [k ] [d] [b] [g]
CONSONANTS
Figure 11.--Oral air flow means for each of the six 
plosive consonants produced in combination with [i] and in 
combination vlth [a], for twenty-five female subjects. The 
means are over CV and VCV syllables.
77
[k]






Figure 12.--Oral air flow means for each of the six 
plosive consonants produced in combination with [i] and in 
combination with [a], for twenty-five male subjects. The 










Figure 13.--Oral air flow means for each of the six 
plosive consonants produced in combination with [i] and in 
combination with [a], for twenty-five female subjects. The 
means are over CV and VCV syllables.
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tendency for voiceless consonants to be associated with 
greater oral air flow than voiced consonants is seen in the 
grouping of the voiced sounds at the bottom, for both male 
and female subjects. It appears, on the basis of these plots, 
that, for both sexes, the means for the voiceless sounds [t] 
and [k] are more markedly affected by the difference in 
vowel environment than are the other plosive consonants.
A n a ly se s  o f  the  v o w e l - b y - c o n s o n a n t  I n t e r a c t i o n  d a t a ,  
summarized  i n  T a b le s  1 and  2 ,  i n d i c a t e  t h a t ,  f o r  b o t h  male 
a n d  f e m a le  s u b j e c t s ,  t h i s  i n t e r a c t i o n  i s  s i g n i f i c a n t .  The 
p r e s e n c e  o f  t h i s  s i g n i f i c a n t  i n t e r a c t i o n  s u g g e s t s  t h a t  
d i f f e r e n c e s  e x i s t  among t h e  d i f f e r e n c e s  i n  the  o r a l  a i r  f l o w  
means f o r  t h e  s i x  c o n s o n a n t s  when com bined  w i t h  [ i ]  and 
com bined  w i t h  [ a ] .  I t  may be r e c a l l e d  t h a t  t h e s e  means were 
a v e r a g e d  o v e r  b o t h  t y p e s  o f  s y l l a b l e .  The r e s u l t s  i n d i c a t e  
t h a t  th e  c o n s o n a n t s  a r e  n o t  e q u a l l y  s e n s i t i v e  t o  t h e  vowel 
e f f e c t .  The Duncan M u l t i p l e  Range T e s t  was u se d  t o  l o c a t e  
t h e  s i g n i f i c a n t  d i f f e r e n c e s  among th e  c o n s o n a n t  m e a n s .  T a b le  
5 p r e s e n t s  t h e  t e s t  r e s u l t s  f o r  t h e  m a le  s u b j e c t s .  I n t e r p r e ­
t a t i o n  o f  t h i a  t a b l e  i s  f a c i l i t a t e d  i f  one c o n s i d e r s  f i r s t  
t h o s e  c o n s o n a n t s  i n  c o m b i n a t i o n  w i t h  t h e  vowel  [ a ]  and  t h e n  
t h o s e  c o n s o n a n t s  i n  c o m b i n a t i o n  w i t h  t h e  vowel [ i ] .  I t  i s  
a l s o  h e l p f u l  t o  c o n s u l t ,  i n  F i g u r e  12 ,  t h e  p l o t s  o f  t h e  
means r e f e r r e d  t o  i n  t h i s  d i s c u s s i o n .  C o n s i d e r i n g  t h e  co n so ­
n a n t s  i n  T a b le  5 i n  c o m b i n a t i o n  w i t h  [ a ] ,  i t  may be s e e n  
t h a t  t h e  mean o r a l  a i r  f l o w  f o r  th e  c o n s o n a n t  [ t ]  i s  s i g n i ­
f i c a n t l y  g r e a t e r  t h a n  t h o s e  f o r  th e  o t h e r  c o n s o n a n t s .  The
TABLE 5 . —Duncan M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  among o r a l  a i r  f l o w  means f o r  e a c h  o f  
t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  c o m b i n a t i o n  w i t h  [ i ]  and i n  c o m b i n a t i o n  w i t h  [ a ] ,  
f o r  t w e n t y - f i v e  m ale  s u b j e c t s .  The means a r e  o v e r  CV and  VCV s y l l a b l e s
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( 1 2 )
5 .5 7
C o n s o n a n t s :  [g ]  [b]  [g ]  [b]
Vowel C o n t e x t s :  [ i ]  [1]  [ a ]  [ a ]
Means: 1 2 . 2 8  II+.I1.8 1 6 .0 0  1 7 .1 9
[d]
[1]
1 8 .1 0
[d ]




2 5 .9 6
[p]
[1 ]
3 7 .2 1
[ t ]








5 2 .9 6
CDo
N o te :  Any two means n o t  u n d e r s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e
.0 5  l e v e l .
Any two m eans  u n d e r s c o r e d  by  t h e  same l i n e  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
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v o i c e l e s s  c o n s o n a n t s  com bined  w i t h  [ a ]  i n v o lv e  s i g n i f i ­
c a n t l y  g r e a t e r  o r a l  a i r  f l o w  means t h a n  th e  v o i c e d  c o n s o ­
n a n t s  combined w i t h  [ a ] .  Among th e  v o i c e d  c o n s o n a n t s ,  t h e  
mean f o r  [d ]  s i g n i f i c a n t l y  e x c e e d s  t h e  means f o r  [b ]  and 
[ g ] .  A l l  o t h e r  d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t .
C o n s i d e r i n g  now t h e  c o n s o n a n t s  i n  T a b le  5 i n  combi­
n a t i o n  w i t h  t h e  vowel  [ i ] ,  i t  may be s e e n  t h a t  t h e  mean o r a l  
a i r  f lo w  f o r  t h e  c o n s o n a n t s  [ t ]  and [ p i  a r e  s i g n i f i c a n t l y  
g r e a t e r  t h a n  t h e  means f o r  th e  o t h e r  c o n s o n a n t s .  The mean 
f o r  [k ]  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  mean f o r  t h e  v o i c e d  
c o n s o n a n t s  [ d ] ,  [ b ] ,  and [ g ] ,  b u t  i s  s i g n i f i c a n t l y  s m a l l e r  
t h a n  t h e  means f o r  t h e  o t h e r  v o i c e l e s s  c o n s o n a n t s .  The 
mean f o r  [d ]  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  mean f o r  [ g ] .  
O th e r  d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t .  I t  may be s a i d ,  
t h e r e f o r e ,  t h a t ,  f o r  m a le  s u b j e c t s ,  t h e  o r a l  a i r  f l o w  means 
f o r  v o i c e l e s s  c o n s o n a n t s  i n  c o m b i n a t i o n  w i t h  [ i ]  a r e  s i g n i ­
f i c a n t l y  g r e a t e r  t h a n  t h e  means f o r  t h e  v o i c e d  c o n s o n a n t s  
w i t h  [ i ] .  I t  may a l s o  be  s e e n  i n  T a b le  5 t h a t ,  f o r  m a le  
s u b j e c t s ,  t h e  o r a l  a i r  f l o w  means f o r  c o n s o n a n t s  com bined  
w i t h  t h e  vowel  [ a ]  a r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  means 
f o r  t h o s e  same c o n s o n a n t s  combined w i t h  t h e  vow el  [ i i ,  e x c e p t  
f o r  t h e  [b ]  and  [g]  s o u n d s .  F o r  [b ]  and [ g ] ,  no d i f f e r e n c e  
i s  fo u n d  b e tw e e n  t h e  means f o r  o r a l  a i r  f lo w  a c c o r d i n g  t o  
vo w e l  e n v i r o n m e n t .
T a b le  6 p r e s e n t s  t h e  s i g n i f i c a n t  d i f f e r e n c e s  among 
means d e t e c t e d  b y  t h e  Duncan M u l t i p l e  Range T e s t  f o r  f e m a le  
s u b j e c t s .  I n t e r p r e t a t i o n  o f  t h i s  t a b l e  i s  a l s o  f a c i l i t a t e d
TABLE 6 . - -D u n c a n  M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  among o r a l  a i r  f l o w  means f o r  e a c h  
o f  th e  s i x  p l o s i v e  c o n s o n a n t s  p r o A i c e d  I n  c o m b i n a t i o n  w i t h  [1 ]  and I n  c o m b i n a t i o n  w i th  
[ a ] ,  f o r  t w e n t y - f i v e  f e m a l e  s u b j e c t s .  The m eans  a r e  o v e r  CV and VCV s y l l a b l e #
a) S h o r t e s t  S i g n i f i c a n t  Ranges
P:
Rp :
b)  R e s u l t s
(2)  (3)  ik)  (5)  (6)
U.69 U.85 1^.96 5 .00
( 7 ) ( 8 ) ( 9 ) ( 1 0 ) ( 1 1 ) ( 1 2 )
5 . 1 2  5 .1 8  5 .2 3  5 . 2 8  5 . 3 1  5 .3 4
C o n s o n a n t s :  
Vowel C o n t e x t s :  
Means :
[b]  [g ]
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N o te :  Any two m e a i s  n o t  u n d e r s c o r e d  b y  t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e
,0 5  l e v e l .
Any two m eans  u n d e r s c o r e d  by  t h e  s a n e  l i n e  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
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by e x a m in in g  f i r s t  t h e  o r a l  a i r  f lo w  means f o r  c o n s o n a n t s  
combined w i t h  th e  vowel [ a ] ,  and t h e n  t h o s e  f o r  th e  same 
c o n s o n a n t s  combined w i t h  [ 1 ] .  I t  i s  a l s o  h e l p f u l  to  c o n s u l t ,  
i n  F i g u r e  13 ,  the  p l o t s  o f  t h e  means r e f e r r e d  t o  i n  t h i s  
d i s c u s s i o n .  E x a m in a t io n  o f  t h e  means f o r  t h e  c o n s o n a n t s  
com bined  w i t h  [ a ] ,  as  shown i n  T a b le  6 ,  r e v e a l s  t h a t  t h e  mean 
f o r  t h e  c o n s o n a n t  [ t ]  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  means 
f o r  t h e  o t h e r  c o n s o n a n t s .  The means f o r  [p ]  and [k ]  s i g n i ­
f i c a n t l y  e x c e e d  th e  means f o r  [ d ] ,  [ b ] ,  and [ g ] .  O th e r  
d i f f e r e n c e s  among t h e  c o n s o n a n t  means a r e  n o t  s i g n i f i c a n t .  
E x a m in a t io n  o f  t h e  means f o r  t h e  c o n s o n a n t s  combined w i t h  
[ i ] ,  i n  T a b le  6 ,  shows t h a t  t h e  means f o r  th e  c o n s o n a n t s  [ t ]  
and [p ]  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  means f o r  th e  
o t h e r  c o n s o n a n t s .  The mean f o r  t h e  c o n s o n a n t  [k ]  i s  s i g n i ­
f i c a n t l y  g r e a t e r  t h a n  t h e  means f o r  t h e  [ d ] ,  [ g ] ,  and [b]  
s o u n d s .  O th e r  d i f f e r e n c e s  among t h e  c o n s o n a n t  m eans  a r e  n o t  
s i g n i f i c a n t .  I t  may be s a i d ,  t h e r e f o r e ,  t h a t ,  f o r  fem a le  
s u b j e c t s ,  t h e  mean o r a l  a i r  f l o w  f o r  t h e  v o i c e l e s s  p l o s i v e s  
combined w i t h  [ i ]  and [ a ]  a r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  
means f o r  t h e  v o i c e d  p l o s i v e  c o n s o n a n t s  w i t h  [ i ]  and  w i t h  [ a ] .  
I n s p e c t i o n  o f  T a b le  6 a l s o  i n d i c a t e s  t h a t ,  f o r  f e m a le  
s u b j e c t s ,  t h e  means f o r  t h e  c o n s o n a n t s  [ t ] ,  [ p ] ,  [ k ] ,  and [d ]  
com bined  w i t h  [ a ]  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  means f o r  
t h o s e  same c o n s o n a n t s  com bined  w i t h  [ i ] .  The means f o r  t h e  
c o n s o n a n t s  [b]  and [g]  w i t h  [ a ]  a r e  n o t  s i g n i f i c a n t l y  d i f f e r ­
e n t  f rom  t h e  means f o r  t h o s e  same c o n s o n a n t s  w i t h  [ i ] .
I n  summary, a n a l y s i s  o f  t h e  v o w e l - b y - c o n s o n a n t
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I n t e r a c t i o n  f o r  b o th  m ale  and f em a le  s u b j e c t s  i n d i c a t e s  t h a t  
o r a l  a i r  f lo w  means f o r  t h e  m a j o r i t y  o f  t h e  c o n s o n a n t s  a r e  
s i g n i f i c a n t l y  a f f e c t e d  by  the  vowel e n v i r o n m e n t .  Those f o r  
th e  [b ]  and [g ]  sounds  a r e  a p p a r e n t l y  n o t  a f f e c t e d .  I t  
a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  d i f f e r e n c e s  i n  t h e  means r e p o r ­
t e d  f o r  t h e  vowel  main  e f f e c t  a r e  a t t r i b u t a b l e  p r i m a r i l y  t o  
c h a n g e s  i n  t h e  means f o r  t h e  v o i c e l e s s  c o n s o n a n t s  and t h e  
v o i c e d  c o n s o n a n t  [ d j .  I t  may be c o n c l u d e d ,  t h e r e f o r e ,  t h a t ,  
w h i l e  t h e  means f o r  most  o f  th e  c o n s o n a n t s  a r e  g r e a t e r  when 
com bined  w i t h  [ a ]  t h a n  w i t h  [ i ] ,  t h i s  i s  n o t  t r u e  f o r  a l l  
t h e  c o n s o n a n t s .  The r a n k  o r d e r  o f  means f o r  th e  c o n s o n a n t s  
combined  w i t h  [ i ]  i s  i d e n t i c a l  w i t h  t h a t  r e p o r t e d  i n  t h e  
a n a l y s i s  o f  t h e  c o n s o n a n t  m a in  e f f e c t .  The o r d e r  f o r  t h e  
c o n s o n a n t s  w i t h  [ a ]  i s  a l s o  t h e  same a s  t h a t  r e p o r t e d  f o r  t h e  
c o n s o n a n t  m a in  e f f e c t ,  e x c e p t  t h a t  t h e  r a n k s  of  [p ]  and  [k]  
a r e  r e v e r s e d .  As i n d i c a t e d  i n  the  c o n s o n a n t  m a in  e f f e c t ,  
h o w e v e r ,  when t h e  means f o r  [p ]  w i t h  [1 ]  and w i t h  [ a ]  a n d  
t h e  means f o r  [k ]  w i t h  [ 1 ]  and w i t h  [ a ]  were a v e r a g e d ,  t h e  
r e s u l t a n t  mean f o r  [p ]  e x c e e d e d  t h e  mean f o r  [ k ] .
On t h e  b a s i s  o f  i n s p e c t i o n  o f  th e  means i n v o l v e d  i n  
t h e  v o w e l - b y - c o n s o n a n t  i n t e r a c t i o n » I t  a p p e a r s  t h a t  t h e  v o i c e ­
l e s s  c o n s o n a n t s  a r e  more m a r k e d ly  a f f e c t e d  by  vowel  d i f f e r ­
e n c e s  t h a n  v o i c e d  c o n s o n a n t s ,  f o r  b o t h  s e x e s ,
C o n s o n a n t - b y - S y l l a b l e  I n t e r a c t i o n  
C o n so n a n t  o r a l  a i r  f lo w  was m e a s u r e d  i n  CV and VCV 
s y l l a b l e s  i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e s e  two t y p e s  o f
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syllable context differentially affected plosive consonant 
oral air flow. As previously reported, when the oral air 
flow means were averaged over all consonants and the two 
vowels, it was found that the consonants in CV syllables had 
significantly greater oral air flow than in VCV syllables.
I t  was a l s o  o f  i n t e r e s t  t o  d e t e r m i n e  w h e t h e r  t h e  s y l l a b l e  
c o n t e x t  a f f e c t e d  the  o r a l  a i r  f lo w  means f o r  e a c h  o f  t h e  
s i x  c o n s o n a n t s  s i m i l a r l y ;  o r ,  c o n v e r s e l y ,  i f  t h e  c o n s o n a n t s  
were  e q u a l l y  s e n s i t i v e  t o  t h e  s y l l a b l e  e f f e c t .  A n a l y s i s  o f  
th e  d a t a  making  up the  c o n s o n a n t - b y - s y l l a b l  e i n t e r a c t i o n  p r o ­
v i d e s  i n f o r m a t i o n  r e l a t i n g  t o  t h i s  q u e s t i o n .
T re n d s  i n  t h e  d a t a  i n  t h e  c o n s o n a n t - b y - s y l l a b l e  i n t e r ­
a c t i o n  may be  examined i n  F i g u r e s  II4. t h r o u g h  1 7 .  I t  may be 
s e e n  i n  t h e s e  f i g u r e s  t h a t ,  f o r  b o t h  s e x e s ,  t h e  r a n k  o r d e r  o f  
c o n s o n a n t  means i n  b o t h  CV and VCV s y l l a b l e s  i s  t h e  same as  
t h a t  r e p o r t e d  i n  t h e  c o n s o n a n t  main  e f f e c t .  I t  may a l s o  be 
n o t e d  t h a t  e a c h  c o n s o n a n t  i s  c h a r a c t e r i z e d  by a g r e a t e r  o r a l  
a i r  f lo w  mean i n  CV s y l l a b l e s  and  a l e s s e r  mean i n  VCV s y l l a ­
b l e s  t h a n  were  r e p o r t e d  i n  t h e  c o n s o n a n t  m a in  e f f e c t .  F i g u r e s  
ll .̂ t h r o u g h  17 a l s o  show t h a t ,  i n  t e r m s  o f  t h e  a b s o l u t e  d i f f e r ­
e n c e s  i n  t h e  means i n  t h e  two t y p e s  o f  s y l l a b l e ,  t h e  v o i c e ­
l e s s  c o n s o n a n t s  a p p e a r  t o  be more m a r k e d ly  a f f e c t e d  by t h e  
d i f f e r e n c e  i n  t h e  s y l l a b l e  c o n t e x t  t h a n  t h e  v o i c e d  c o n s o n a n t s .  
The g r e a t e r  c hang es  i n  o r a l  a i r  f l o w  means a r e  e v i d e n t  among 
t h e  v o i c e l e s s  c o n s o n a n t s .  I n  t h e s e  f i g u r e s ,  t h e  t e n d e n c y  f o r  
v o i c e l e s s  soun d s  t o  b e  c h a r a c t e r i z e d  by  g r e a t e r  o r a l  a i r  





Figure li|, —  Oral air flow means for each of the six 
plosive consonants produced in CV and in VCV syllables for 
twenty-five male subjects. The means are over the vowels 
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[b] [g]
Figure Ip, —  Oral air flow zneans for each of the six 
plosive consonants produced in CV and in VCV syllables, for 
twenty-five female subjects. The means are over the vowels 









Figure 16,--Oral air flow 
plosive consonants produced 
twenty-five male subjects,
[i] and [a].
means for each of the six 
in CV and in VCV syllables, for 











Figure 17.--Oral air flow 
plosive consonants produced in CV 
twenty-five female subjects. The 
[i] and [a].
means fcr each of the six 
and in VCV syllables, for 
means are over the vowels
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may also be observed.
The analyses of variance summarized in Tables 1 and 
2 show that the consonant-by-syllable interaction is signi­
ficant for both sexes. This indicates that significant differ­
ences exist among the differences in the oral air flew means 
for each of the six consonants in CV as compared to VCV 
syllables, the means being averaged over both vowels.
The Duncan M u l t i p l e  Range T e s t  was u s e d  to  l o c a t e  
t h e  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  c o n s o n a n t  m ea n s .  The 
t e s t  r e s u l t s  f o r  male  and f e m a le  s u b j e c t s  a r e  shown i n  
T a b l e s  7 and 8 ,  r e s p e c t i v e l y .  E x a m in a t io n  o f  T ab le  7 
i n d i c a t e s  t h a t ,  f o r  male  s u b j e c t s ,  t h e  mean o r a l  a i r  f l o w  
f o r  e a c h  o f  t h e  s i x  c o n s o n a n t s  i n  CV s y l l a b l e s  a r e ,  w i t h o u t  
e x c e p t i o n ,  s i g n i f i c a n t l y  l a r g e r  t h a n  th e  means f o r  t h o s e  
same c o n s o n a n t s  i n  VCV s y l l a b l e s .  The means f o r  the  c o n s o ­
n a n t s  [ t ] ,  [ p ] ,  [ k ] ,  and [d ]  i n  CV s y l l a b l e s  a r e  s i g n i f i ­
c a n t l y  g r e a t e r  t h a n  t h e  means f o r  [b ]  and [g ]  i n  CV c o n t e x t s  
and f o r  a l l  c o n s o n a n t s  i n  VCV s y l l a b l e s .  The v o i c e l e s s  
c o n s o n a n t  [ t ]  i n  CV s y l l a b l e s  i s  a s s o c i a t e d  w i t h  s i g n i f i ­
c a n t l y  g r e a t e r  mean o r a l  a i r  f low  t h a n  any o f  the  o t h e r  
c o n s o n a n t s .  As p r e v i o u s l y  r e p o r t e d ,  t h e  [ t ]  sound  c h a r a c ­
t e r i s t i c a l l y  i n v o l v e d  g r e a t e r  o r a l  a i r  f lo w  t h a n  the o t h e r  
p l o s i v e  c o n s o n a n t s  when t h e  means f o r  t h e  c o n s o n a n t s  were 
a v e r a g e d  o v e r  b o t h  CV and VCV s y l l a b l e s .  However ,  when t h e  
means a r e  t a k e n  s e p a r a t e l y  f o r  t h e  two t y p e s  o f  s y l l a b l e s  
and com pared ,  a s  i n  T ab le  7 ,  i t  may be s e e n  t h a t  th e  means 
f o r  t h e  c o n s o n a n t s  [ d ] ,  [ k ] ,  a i d  [p ]  i n  CV s y l l a b l e s  e x c e e d
TABLE 7 . — Duncan M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  among o r a l  a i r  f low  means f o r  e a c h  o f  
t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  GV and i n  VCV s y l l a b l e s ,  f o r  t w e n t y - f i v e  male s u b ­
j e c t s .  The means a r e  o v e r  t h e  v o w e ls  [ i ]  and  [ a ]
a) S h o r t e s t  S i g n i f i c a n t  Ranges
p :  (2 )  (3)  ik)  (5 )  (6)  (7 )  (8)  (9)  (10)  (11) (12)
Rp: 6 . 6 9  7 . 0 5  7 . 2 9  7 . ^ 6  7 .6 0  7 . 7 0  7 . 7 9  7 .6 6  7 . 9 3  7 .9 6  6 .0 3
b) R e s u l t s
C o n s c n a n t s :  [g ]  [b]  [d ]  [k]  [p ]  [g ]  [ t ]  [b ]  [d]  [k ]  (p j  [ t ]
S y l l a b l e  C o n t e x t s :  VCV VCV VCV VCV VCV CV VCV CV CV CV CV CV
Means:  7 . 0 3  7 . 6 l  1 1 . 5 2  1 7 .5 2  1 9 . 6 ^  2 1 .2 5  2 3 . ^ 9  2 3 .6 6  3 1 .0 6  5 3 . 6 4  6 1 .1 6  7 1 .0 7 o
N o te :  Any two means n o t  u n d e r s c o r e d  by t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e
.05  l e v e l .
Any two means u n d e r s c o r e d  by the same l i n e  are no t  s i g n i f i c a n t l y  d i f f e r e n t .
TABLE 8 , - -D u n c a n  M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  among o r a l  a i r  f lo w  means f o r  e a c h  o f  
t h e  s i x  p l o s i v e  c o n a o n a n t s  p r o d u c e d  I n  CV a id  I n  VCV s y l l a b l e s ,  f o r  t w e n t y - f i v e  female  s u b ­
j e c t s .  The means a r e  o v e r  t h e  v o w e ls  [1 ]  and [ a ]
a)  S h o r t e s t  S i g n i f i c a n t  Ranges
p :  (2)  (3)  (4)  (5) (6)  (7) (6)  (9)  (10) (11)  (12)
Rp: 5 . 5 5  5 . 8 5  6 . 0 5  6 . 1 9  6 . 3 0  6 .3 8  6 . 4 6  6 . 5 2  6 . 5 8  6 . 6 2  6 .6 6
b)  R e s u l t s
C o n s o n a n t s :  [b ]  [g ]  [d] [b ]  [g]  [k ]  [p ]  [d]  [ t ]  [k ]  [p]  [ t ]
S y l l a b l e  C o n t e x t s :  VCV VCV VCV CV GV VCV VCV CV VCV CV CV CV o
Means: 4 . 2 8  5 . 0 1  6 . 3 6  13.44- 1 4 . 2 4  1 4 .9 6  1 5 . 2 2  2 0 .1 0  2 0 . 8 8  4 4 .4 1  4 7 . 1 1  5 8 .8 0  ^
Note: Any two means not underscored by the same line are significantly different at the
.0 5 level.
Any two means u n d e rsco r ed  by t h e  same l i n e  are n o t  s i g n i f i c a n t l y  d i f f e r e n t .
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t h e  mean f o r  [ t ]  i n  VCV s y l l a b l e s .  The f a c t  t h a t  [d ]  i n  CV 
s y l l a b l e s  e v id e n c e d  g r e a t e r  o r a l  a i r  f l o w  t h a n  [ t ]  I n  VCV 
s y l l a b l e s  d e m o n s t r a t e s  t h a t  a  v o i c e d  p l o s i v e  may I n v o l v e  a 
g r e a t e r  o r a l  a i r  f l o w  i n  CV s y l l a b l e s  t h a n  i t s  v o i c e l e s s  
c o g n a t e  i n  VCV s y l l a b l e s .
The f i n d i n g s  f o r  fem a le  s u b j e c t s ,  a s  r e p o r t e d  i n  
T a b le  8 ,  a r e  s i m i l a r  t o  t h o s e  f o r  t h e  m a l e s . The v o i c e l e s s  
c o n s o n a n t s  [ k ] ,  [ p ] ,  and [ t ]  i n  CV s y l l a b l e s  have s i g n i f i ­
c a n t l y  l a r g e r  o r a l  a i r  f lo w  means t h a n  any o f  t h e  o t h e r  
c o n s o n a n t s .  The c o n s o n a n t  [ t ]  i n  CV s y l l a b l e s  i n v o l v e d  a 
s i g n i f i c a n t l y  g r e a t e r  mean o r a l  a i r  f l o w  t h a n  ® y  o f  t h e  
o t h e r  c o n s o n a n t s  r e g a r d l e s s  o f  s y l l a b l e  c o n t e x t .  The means 
f o r  t h e  v o i c e d  c o n s o n a n t s  [ b ] ,  [ g ] ,  and  [d ]  i n  VCV s y l l a b l e s  
a r e  s i g n i f i c a n t l y  s m a l l e r  t h a n  t h e  means f o r  a n y  o f  tbs  o t h e r  
c o n s o n a n t s  r e g a r d l e s s  o f  s y l l a b l e  c o n t e x t .  The mean f o r  [ t ]  
i n  VCV s y l l a b l e s  i s  n o t  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  mean 
f o r  [d ]  i n  CV s y l l a b l e s ,  a g a i n  I l l u s t r a t i n g  t h a t  a  v o i c e l e s s  
c o n s o n a n t  may i n v o l v e  no more o r a l  a i r  f l e w  t h a n  i t s  v o i c e d  
c o g n a t e  i f  t h e  two a r e  m e a su re d  i n  d i f f e r e n t  t y p e s  o f  s y l l a b l e .
I n  summary, a n a l y s i s  o f  the  d a t a  i n  t h e  c o n s o n a n t -  
b y - s y l l a b l e  i n t e r a c t i o n  r e v e a l s  t h a t ,  f o r  b o t h  s e x e s ,  g r e a t e r  
o r a l  a i r  f l o w  means a r e  fo u n d  f o r  t h e  p l o s i v e  c o n s o n a n t s  
when p r o d u c e d  i n  CV s y l l a b l e s  t h a n  i n  VCV s y l l a b l e s .  The 
f a c t  t h a t  t h e  i n t e r a c t i o n  i s  s i g n i f i c a n t  i n d i c a t e s  t h a t  a l l  
p l o s i v e s  a r e  n o t  a f f e c t e d  t o  t h e  same d e g r e e  by  t h e  d i f f e r e n c e  
i n  s y l l a b l e s .  I n s p e c t i o n  o f  t b s  d a t a  i n d i c a t e s  t h a t  v o i c e ­
l e s s  p l o s i v e s  a r e  a f f e c t e d  somewhat more by t h e  d i f f e r e n c e
I n  a y l l a b l e  c o n t e x t  t h a n  v o i c e d  p l o s i v e s , I t  was a l s o  
fo u n d  t h a t ,  f o r  b o th  s e x e s ,  one or  more means f o r  t h e  
v o i c e d  c o n s o n a n t s  I n  CV s y l l a b l e s  were  e q u a l  t o  o r  g r e a t e r  
t h a n  t h e  mean f o r  the  v o i c e l e s s  c o n s o n a n t  w i t h  t  he l a r g e s t  
mean o r a l  a i r  f lo w  I n  VCV s y l l a b l e s ,  [ t ] .  I t  a p p e a r s ,  t h e r e ­
f o r e ,  t h a t ,  w h i l e  v o i c e l e s s  p l o s i v e s  I n v o l v e  g r e a t e r  o r a l  a i r  
f l o w  when t h e  s o u n d s  a r e  t e s t e d  I n  t h e  same t y p e  o f  s y l l a b l e ,  
t h i s  r e l a t i o n s h i p  may n o t  h o l d  when t h e  v o i c e d  p l o s i v e  I s  
t e s t e d  I n  a CV s y l l a b l e  and th e  v o i c e l e s s  p l o s i v e  I s  t e s t e d  
I n  a  VCV s y l l a b l e .
V o w e l - b y - S y l l a b l e  I n t e r a c t i o n  
As p r e v i o u s l y  r e p o r t e d ,  b o t h  the  vowel c o n t e x t  and  
th e  t y p e  o f  s y l l a b l e  I n  w h ic h  the  p l o s i v e  c o n s o n a n t s  w ere  
t e s t e d  h a d  an e f f e c t  on th e  o r a l  a i r  f lo w  f o r  t h e  p l o s i v e s  
a s  a  g r o u p ,  as e v i d e n c e d  b y  a s i g n i f i c a n t  vowel  and s y l l a b l e  
m ain  e f f e c t .  As r e p o r t e d  I n  t h e  d i s c u s s i o n  o f  t h e  vowel  
m a in  e f f e c t ,  t h e  o v e r a l l  o r a l  a i r  f lo w  means w ere  l a r g e r  
when t h e  c o n s o n a n t s  were combined w i t h  [ a ]  t h a n  w i th  [ I J .
I n  t h e  a n a l y s i s  o f  t h e  s y l l a b l e  m a in  e f f e c t  I t  was fo u n d  
t h a t  the  c o n s o n a n t s  were a s s o c i a t e d  w i t h  g r e a t e r  o r a l  a i r  
f l o w  m eans  I n  CV s y l l a b l e s  t h a n  I n  VCV s y l l a b l e s .  The v o w e l -  
b y - s y l l a b l e  I n t e r a c t i o n  r e f l e c t s  th e  combined e f f e c t  o f  
vow el  a n d  s y l l a b l e  c o n t e x t s  on t h e  c o n s o n a n t  o r a l  a i r  f l o w  
m e a i s ,  when t b s  means a r e  a v e r a g e d  o v e r  a l l  th e  c o n s o n a n t s .  
The means I n v o l v e d  I n  t h e  i n t e r a c t i o n  a r e  p r e s e n t e d  i n  













Figure 1Ô, —  Oral air flov means for the six plosive 
consonants produced in CV and in VCV syllables in combina­
tion with [i] and in combination with [a], for twenty-five 









Figure 19.— Oral air flov; céans for the six plosive 
consonants produced In CV and In VCV syllables In combina­
tion with [1] and In combination with [a], for twenty-five 











Figure 20.--Oral air flow r.aans for the six plosive 
consonants produced in CV and in VCV syllables in combina­
tion with [i] and in combination with [a], for twenty-five 






Figure 21.--Oral air flow means for the six plosive 
consonants produced in CV and in VCV syllables in combina­
tion v.dth [i] and in combination with [a], for twenty-five 
female subjects. The means are over all consonants.
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o r a l  a i r  f l o w  means f o r  m a le s  and f e m a l e s ,  r e s p e c t i v e l y ,  
a r e  p l o t t e d  f o r  s y l l a b l e s  by v o w e l s .  In  F i g u r e s  20 and  21, 
th e  c o n s o n a n t  means a r e  p l o t t e d  f o r  vowels  a c r o s s  s y l l a b l e s  
f o r  male  and f e m a le  s u b j e c t s ,  r e s p e c t i v e l y .  I n  F i g u r e s  10 
and  19 i t  may be s e e n  t h a t ,  f o r  b o t h  s e x e s ,  t h e r e  i s  a  
g r e a t e r  d i f f e r e n c e  i n  t h e  e f f e c t  o f  the  two vow els  on c o n s o ­
n a n t  o r a l  a i r  f l o w  i n  CV s y l l a b l e s  t h a n  i n  VCV s y l l a b l e s .
The l a r g e r  o r a l  a i r  f lo w  means were  r e c o r d e d  f o r  t h e  c o n s o ­
n a n t s  combined w i t h  [ a ]  i n  b o th  t y p e s  o f  s y l l a b l e ,  f o r  b o t h  
m a le  and f e m a le  s u b j e c t s .
The a n a l y s e s  o f  v a r i a n c e  sum m arized  i n  T a b l e s  1 and 
2 i n d i c a t e  t h a t  th e  v o w e l - b y - s y l l a b l e  i n t e r a c t i o n  i s  s i g n i ­
f i c a n t  f o r  b o t h  s e x e s .  The Duncan M u l t i p l e  Range T e s t  was 
u s e d  t o  l o c a t e  t h e  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  c o n s o n a n t  
m e a n s .  The r e s u l t s  o f  t h e  a n a l y s i s  a r e  shown I n  T a b l e s  9 
a n d  1 0 .  T h ese  t a b l e s  i n d i c a t e  t h a t ,  f o r  b o t h  m ale  and  
f e m a le  s u b j e c t s ,  t h e  o r a l  a i r  f l o w  means f o r  p l o s i v e s  com­
b i n e d  w i t h  [ a ]  and w i t h  [ i ]  i n  CV s y l l a b l e s  a r e  s i g n i f i c a n t l y  
d i f f e r e n t .  P l o s i v e s  combined w i th  [ a ]  i n  CV s y l l a b l e s  
e v id e n c e  g r e a t e r  o r a l  a i r  f l o w  means t h a n  p l o s i v e s  i n  a l l  
o t h e r  s y l l a b l e - v o w e l  c o n t e x t s .  The means f o r  t h e  p l o s i v e s  
combined w i t h  [a] and w i th  [ i ]  i n  CV s y l l a b l e s  a r e  s i g n i f i ­
c a n t l y  l a r g e r  t h a n  t h e  means f o r  t h e  p l o s i v e s  combined w i t h  
e i t h e r  [ a ]  o r  [ i ]  i n  VCV s y l l a b l e s .  The means f o r  t h e  c o n s o ­
n a n t s  combined w i t h  [ i ]  i n  VCV s y l l a b l e s  a r e  n o t  d i f f e r e n t  
f rom  t h e  means f o r  the  c o n s o n a n t s  com bined  w i t h  [ a ]  i n  VCV 
s y l l a b l e s .  These  d a t a  a l s o  show t h a t ,  f o r  b o t h  s e x e s ,  t h e
TABLE 9 . - -D u n c an  M u l t i p l e  Range T e a t  f o r  d i f f e r e n c e s  among o r a l  a i r  f l o w  means f o r  
t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  CV and i n  VCV s y l l a b l e s  i n  c o m b i n a t i o n  w i t h  
[ i ]  and i n  c o m b i n a t i o n  w i t h  [ a ] ,  f o r  t w e n t y - f i v e  m ale  s u b j e c t s .  The means a r e  o v e r
a l l  c o n s o n a n t s
a)  S h o r t e s t  S i g n i f i c a n t  R anges
P:
Rp:
b)  R e s u l t s
S y l l a b l e  C o n t e x t s :  









1 6 .4 5
(3)
4 . 0 7
CV
[ 1 ]




l a )  M
5 0 .0 9  g
N o t e :  Any two means n o t  u n d e r s c o r e d  by t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t
t h e  ,0 5  l e v e l .
Any two means u n d e rsco r ed  by the  same l i n e  are not s i g n i f i c a n t l y  d i f f e r e n t .
TABLE 1 0 . — Duncan M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  anong o r a l  a i r  f l o w  means f o r  
t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  CV and  i n  VCV s y l l a b l e s  i n  c o m b i n a t i o n  w i t h  
[ i ]  and i n  c o m b i n a t i o n  w i th  [ a ] ,  f o r  t w e n t y - f i v e  f e m a le  s u b j e c t s .  The means a r e
o v e r  a l l  c o n s o n a n t s .











S y l l a b l e  C o n t e x t s :  














N o te :  Any tw o  means n o t  u n d e r s c o r e d  by t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t
t h e  .0 5  l e v e l .
Any two means u n d e rsco r ed  by the sa n e  l i n e  are n o t  s i g n i f i c a n t l y  d i f f e r e n t .
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c o n s o n a n t  o r a l  a i r  f lo w  means d i f f e r e d  s i g n i f i c a n t l y  a c c o r d ­
in g  t o  t h e  vowel  c o n t e x t  o n l y  In CV s y l l a b l e s .  T h i s  i n d i ­
c a t e s  t h a t  t h e  s i g n i f i c a n t  vowel main e f f e c t  p r e v i o u s l y  
r e p o r t e d  may be a t t r i b u t e d  p r i m a r i l y  t o  d i f f e r e n c e s  in  t h e  
vowel  e f f e c t  in  CV s y l l a b l e s .  The d a t a  a l s o  show t h a t  o r a l  
a i r  f l o w  means f o r  t h e  p l o s i v e s  a r e  g r e a t e r  in  CV s y l l a b l e s  
t h a n  in  VCV s y l l a b l e s ,  r e g a r d l e s s  o f  t h e  vowel c o n t e x t .
C on son an t  N a sa l  A i r  Flow 
In  r e c e n t  y e a r s ,  t h e  c o n c e p t  t h a t  t h e  v e l o p h a r y n g e a l  
v a l v e  i s  t i g h t l y  c l o s e d  d u r i n g  t h e  no rm al  p r o d u c t i o n  o f  n o n ­
n a s a l  s o u n d s  i n  E n g l i s h  h a s  been  q u e s t i o n e d  by  t h e o r i s t s  and 
r e s e a r c h e r s  i n  sp eech  p a t h o l o g y  and  p h o n e t i c s .  Van R i p e r  and 
I r w i n  (1^2)» on t h e  b a s i s  o f  t h e i r  r e v i e w  o f  c u r r e n t  r e s e a r c h  
r e g a r d i n g  v e l o p h a r y n g e a l  v a l v i n g ,  have  c o n c l u d e d  t h a t  a  
t i g h t  v e l o p h a r y n g e a l  s e a l  i s  n o t  r e q u i s i t e  t o  n o n n a s a l  
sound  p r o d u c t i o n .  They h y p o t h e s i z e ,  i n s t e a d ,  t h a t  a “Viegree " 
o f  c l o s u r e  i s  r e q u i r e d  f o r  norm al  r e s o n a n c e  and  have u s e d  
t h e  t e rm  " f u n c t i o n a l  c l o s u r e  " t o  mean a c l o s u r e  t h a t  i s  com­
p l e t e  enough t o  a v o id  t h e  d i r e c t  a u d i t o r y  c o n s e q u e n c e s  o f  
"open n a s a l i t y .  "
T h e r e  i s  an i n c r e a s i n g  body  o f  r e s e a r c h  l i t e r a t u r e  
t o  s u p p o r t  t h e  c o n c e p t  o f  f u n c t i o n a l  c l o s u r e , much o f  i t  
from x - r a y  s t u d i e s  o f  v e l o p h a r y n g e a l  v a l v i n g  i n  n o r m a l -  
s p e a k i n g  s u b j e c t s .  F o r  e x a m p le ,  M o l l ' s  c i n e f l u o r o g r a p h i c  
s t u d y  (2 ^ )  i n d i c a t e d  t h a t  v a r i a t i o n s  in  t h e  t i g h t n e s s  o f  
t h e  v e l o p h a r y n g e a l  v a l v e  o c c u r r e d  d u r i n g  vowel p r o d u c t i o n .
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not only as a function of the vowel produced, but also as a 
function of the phonetic context of the vowel. He Indicated 
that there is a need to study the variations in closure for 
consonant sounds as well, Moll, however, apparently felt 
that cinefluoroscopy did not permit a three-dimensional and 
continuous analysis of velopharyngeal valving. In prepara­
tion for this study, it was reasoned that if there is not 
a tight velopharyngeal seal during the explosive phase of 
plosive consonant production, then small but detectable 
nasal air flows might occur during these sounds. It was 
decided, therefore, to investigate the possibility that nasal 
air flows are present during the production of plosive conso­
nants, It was felt that the data obtained would provide an 
accurate representation of the measurements which could be 
expected for normal speaking subjects under the present 
experimental conditions, utilizing the present instrumentation. 
Also, such information could be expected to be useful in 
future research in which subjects with velar pathology are 
studied using this instrumentation.
The nasal air flow data were analyzed statistically 
in the same manner as the oral air flow data. The summary 
of the analysis of variance for male subjects is presented 
in Table 11, and for female subjects in Table 12. It may be 
seen in Table 11 that, for male subjects, the consonant and 
vowel main effects and the consonant-by-syllable and vowel- 
by-consonant-by-syllable interactions are significant. For 
female subjects, only the consonant and syllable main effects
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TABLE 1 1 , --Summary o f  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  c o n ­
s o n a n t  n a s a l  a i r  f l o w  d a t a  f r o n  t w e n t y - f i v e  m a le  s u b j e c t s
S o u r c e ms F
Vowel (V) 1 9 .8 7 2 5 .9 7 *
C o n so n a n t  (C) 5 1 0 .8 5 2 8 .5 5 *
VC 5 .7 2 1 . 8 9
E r r o r  A 264 .3 8
S y l l a b l e  (S) 1 .71 2 . 8 k
VS 1 .07 .28
CS 5 1 .3 7 5 . 4 8 *
VCS 5 1 .3 8 5 .5 2 *
E r r o r  B 288 .2 5
TABLE 1 2 , — Summary o f  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  t h e  c o n ­
s o n a n t  n a s a l  a i r  f lo w  d a t a  f rom  t w e n t y - f i v e  f e m a le  s u b j e c t s
S o u r c e ms F
Vowel (V) 1 1 .0 0 .63
C o n so n a n t  (C) 5 1 1 .0 2 6 . 9 3 *
VC 5 .70 .4 4
E r r o r  A 264 1 . 5 9
S y l l a b l e  (S) 1 9 .1 8 1 6 .1 0 *
VS 1 .0 8 .1 4
CS 5 1 . 1 8 2 .0 7
VCS 5 .23 .40
E r r o r  B 288 .57
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a r e  s i g n i f i c a n t .  These  f i n d i n g s  a r e  r e p o r t e d  I n  d e t a i l  I n  
th e  f o l l o w i n g  p a g e s .
C o n so n a n t  Main E f f e c t  
One o f  t h e  m a j o r  p u r p o s e s  o f  t h i s  p h a s e  o f  t h e  s t u d y  
was t o  I n v e s t i g a t e  p o s s i b l e  d i f f e r e n c e s  I n  n a s a l  a i r  f l o w  
among t h e  s i x  p l o s i v e  c o n s o n a n t s .  F i g u r e  22 p r e s e n t s ,  f o r  
b o t h  s e x e s ,  t h e  n a s a l  a i r  f l o w  f o r  e a c h  c o n s o n a n t  a v e r a g e d  
o v e r  b o t h  t y p e s  o f  s y l l a b l e  and b o t h  v o w e l s ,  A c o m p a r i s o n  
o f  t h e  means shows t h a t ,  f o r  male  s u b j e c t s ,  t h e  g r e a t e s t  
mean n a s a l  a i r  f lo w  was m ea su re d  I n  t h e  p r o d u c t i o n  o f  [ p ] ,  
w i t h  s u c c e s s i v e l y  s m a l l e r  means f o r  [ b ] ,  [ g ] ,  [ d ] ,  [ t ] ,  and 
[ k ] ;  f o r  f em a le  s u b j e c t s ,  t h e  o r d e r  f ro m  l a r g e s t  t o  s m a l l e s t  
mean was [ p ] ,  [ b ] ,  [ t ] ,  [ d ] ,  [ k ] ,  and [ g ] .
The a n a l y s e s  o f  v a r i a n c e  sum m arized  I n  T a b l e s  11 
and 12  r e v e a l  t h a t  t h e  c o n s o n a n t  m a in  e f f e c t  I s  s i g n i f i c a n t  
f o r  b o t h  s e x e s .  I t  may b e  n o t e d  I n  F i g u r e  22 t h a t ,  f o r  
f em a le  s u b j e c t s ,  t h e  means f o r  t h e  v o i c e l e s s  c o n s o n a n t s  [ t ] ,  
[ p ] ,  and [k]  s l i g h t l y  e x c e e d e d  t h e  means f o r  t h e s e  c o n s o n a n t s  
as  p r o d u c e d  by m a le  s u b j e c t s .  The means f o r  t h e  v o i c e d  
c o n s o n a n t s  [ d ] ,  [ b ] ,  and [ g ]  f o r  m a le  s u b j e c t s ,  h ow ever ,  
s l i g h t l y  e x ce ed e d  t h e  means f o r  t h e s e  c o n s o n a n t s  as  p r o d u c e d  
by f e m a le  s u b j e c t s .
The Duncan M u l t i p l e  Range T e s t  was u s e d  t o  l o c a t e  
t h e  s i g n i f i c a n t  d i f f e r e n c e s  w h ic h  w ere  d e t e c t e d  by  t h e  a n a l y ­
s i s  o f  v a r i a n c e .  The r e s u l t s  f o r  m a le  and f e m a le  s u b j e c t s  
a r e  p r e s e n t e d  I n  T a b l e s  13 and II4., r e s p e c t i v e l y .  I t  may be
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=  .’ialo 
Female
[ t ] [p] [k] [d]
CONSONANTS
[b] [g]
Fleure 22.— Nasal air flow means fcr each of the six 
nloslve consonants produced in both CV and VCV syllables in 
combination with [i] and [a], for twenty-five subjects of 
each sex.
TABLE 1 3 . - - D u n c m  M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  anong n a s a l  a i r  f l o w  ne  a n s  f o r  
e a c h  o f  t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  I n  b o t h  CV and  VCV s y l l a b l e s  I n  c o m b in a ­
t i o n  w i t h  [1 ]  and  [ a ] ,  f o r  t w e n t y - f i v e  male  s u b j e c t s
a )  S h o r t e s t  S i g n i f i c a n t  Ranges
p :  (2 ) (3) (W (5) (6)
Rp: .17 .18 .19 .19 .20
b )  R e s u l t s
C o n s o n a n t s :  [k ]  [ t ] [d ] [g] [b] [p]
.30  .3 2 .51 .5 2 1 .0 0 1 .0 5
N o te :  Any two means n o t  u n d e r s c o r e d by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t
t h e  .0 5  l e v e l .
Any two means u n d e r s c o r e d  b y  t h e  same l i n e s  a r e n o t s i g n i f i c a n t l y  d i f f e r e n t .
o-nJ
TABLE — Duncan M u l t i p l e  Range T e a t  f o r  d i f f e r e n c e s  among n a s a l  a i r  f l o w  means
f o r  e a c h  o f  t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  I n  b o t h  CV and  VCV s y l l a b l e s  I n  
c o m b i n a t i o n  w i t h  [ 1 ] and [ a ] ,  f o r  t w e n t y - f i v e  f e m a le  s u b j e c t s
a )  S h o r t e s t  S i g n i f i c a n t  Ranges
P:
Rp:
b)  R e s u l t s



















N o te :  Any two means n o t  u n d e r s c o r e d  by  t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t
t h e  ,0 $  l e v e l .
Any two means u n d e rsco r ed  by th e  same l i n e s  are  n o t s i g n i f i c a n t l y  d i f f e r e n t .
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s e e n  I n  T a b le  13 t h a t ,  f o r  m ale  s u b j e c t s ,  the  n a s a l  a i r  f lo w  
means f o r  [p ]  and [ b ] ,  a l t h o u g h  n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  
a r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  moans f o r  t h e  o t h e r  c o n so ­
n a n t s ,  The means f o r  [g ]  and [d]  a r e  s i g n i f i c a n t l y  g r e a t e r  
t h a n  t h e  means f o r  [k ]  and [ t ] ,  b u t  t h e  d i f f e r e n c e s  b e tw ee n  
[g ]  and  [d ]  and b e tw een  [ k ]  and [ t ]  a r e  n o t  s i g n i f i c a n t .
F o r  t h e  male  s u b j e c t s ,  t h e n ,  th e  c o n s o n a n t s  t e n d e d  t o  p a t t e r n  
t h e m s e l v e s  a c c o r d i n g  t o  p l a c e  o f  a r t i c u l a t i o n  f o r  t h e  sounds  
w i t h  t h e  l a r g e s t  m eans ,  [ p ]  and [ b ] ,  and  a c c o r d i n g  t o  v o i c i n g  
c h a r a c t e r i s t i c s  t h e r e a f t e r .  T ab le  II4. i n d i c a t e s  t h a t ,  f o r  
f e m a le  s u b j e c t s ,  p r o d u c t i o n  o f  t h e  p l o s i v e  [p]  i n v o l v e d  a  
s i g n i f i c a n t l y  g r e a t e r  mean n a s a l  a i r  f l o w  t h a n  t h e  o t h e r  
c o n s o n a n t s ,  and t h a t  t h e  mean f o r  [b ]  s i g n i f i c a n t l y  e x c e e d e d
t h o s e  f o r  [ g ]  and [ k ] . O th e r  d i f f e r e n c e s  among t h e  c o n s o n a n t
means a r e  n o t  s i g n i f i c a n t .
I n  summary, th e  mean n a s a l  a i r  f l o w  f o r  a l l  c o n s o ­
n a n t s  i s  q u i t e  s m a l l ,  and m e a su re d  d i f f e r e n c e s  among t h e  
means f o r  t h e  s i x  c o n s o n a n t s  f r e q u e n t l y  f a i l  t o  r e a c h  s i g n i ­
f i c a n c e .  However, t h e  d a t a  i n d i c a t e  t h a t  r e l a t i v e l y  l a r g e  
n a s a l  a i r  f l o w s  a r e  a s s o c i a t e d  w i t h  p r o d u c t i o n  o f  [p ]  and  [b ]  
f o r  m a le  s u b j e c t s  and  w i t h  [p ]  f o r  f e m a le  s u b j e c t s .  F o r  b o t h  
s e x e s ,  t h e  c o n s o n a n t s  [k ]  and [g]  a r e  a s s o c i a t e d  w i t h  s i g n i ­
f i c a n t l y  s m a l l e r  n a s a l  a i r  f lo w  means t h a n  e i t h e r  [p ]  o r  [ b ] .  
F o r  m a l e s ,  t h e  g r e a t e s t  n a s a l  a i r  f l o w  means a r e  fo u n d  i n  
t h e  p r o d u c t i o n  o f  t h e  b i l a b i a l  c o n s o n a n t s  [p ]  and  [ b ] ,  f o l l o w e d  
i n  o r d e r  o f  d e c r e a s i n g  a i r  f lo w s  by  t h e  v o i c e d  p l o s i v e s  [g]  
and [ d ] ,  and t h e  v o i c e l e s s  p l o s i v e s  [ t ]  emd [ k ] .
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The means f o r  n a s a l  a i r  f lo w  may be c o m p a red  w i t h  
t h e  means f o r  o r a l  a i r  f lo w  f o r  t h e  s i x  p l o s i v e s .  I t  may be 
n o t e d  t h a t ,  f o r  b o t h  s e x e s ,  t h e r e  i s  a  s i g n i f i c a n t  d i f f e r ­
ence  i n  o r a l  a i r  f lo w  f o r  v o i c e d  and v o i c e l e s s  p l o s i v e s .  
However,  t h e  c o n s o n a n t s  do n o t  o r d e r  t h e m s e l v e s  i n  t h i s  way 
f o r  n a s a l  a i r  f l o w  f o r  e i t h e r  s e x .  F o r  b o th  s e x e s ,  the  
b i l a b i a l  c o n s o n a n t  [p ]  i s  a s s o c i a t e d  w i t h  a r e l a t i v e l y  l a r g e  
mean n a s a l  a i r  f l o w ,  and th e  means f o r  the b i l a b i a l  sounds  
[p ]  and [b ]  s i g n i f i c a n t l y  e x c e e d  the me an f o r  [ k ] .  I t  may 
be s a i d ,  t h e r e f o r e ,  t h a t  [p ]  i s  c h a r a c t e r i z e d  by  r e l a t i v e l y  
l a r g e  o r a l  and n a s a l  a i r  f l o w  m ean s ,  w h i l e  [ k ]  i s  c h a r a c t e r ­
i z e d  by  a r e l a t i v e l y  l a r g e  mean o r a l  a i r  f lo w  and a r e l a ­
t i v e l y  s m a l l  mean n a s a l  a i r  f l o w .  F o r  m a l e s ,  [b ]  i s  
c h a r a c t e r i z e d  by  a r e l a t i v e l y  s m a l l  o r a l  a i r  f l o w  mean a n d  
r e l a t i v e l y  l a r g e  n a s a l  a i r  f l o w  mean.  On t h e  b a s i s  o f  t h e s e  
d a t a ,  i t  a p p e a r s  t h a t  i t  i s  n o t  p o s s i b l e  t o  p r e d i c t  t h e  
r e l a t i v e  s i z e  o f  t h e  n a s a l  a i r  f lo w  means f o r  p l o s i v e  c o n s o ­
n a n t s  f rom  t h e i r  o r a l  a i r  f l o w  m eans ,  o r  v i c e  v e r s a .
Vowel Main E f f e c t
A s e c o n d  p u r p o s e  o f  t h i s  p h a s e  o f  t h e  s t u d y  was t o  
i n v e s t i g a t e  t h e  e f f e c t  o f  the two vowel  c o n t e x t s  on n a s a l  a i r  
f l o w  i n  p r o d u c t i o n  o f  p l o s i v e  c o n s o n a n t s .  As i n d i c a t e d  p r e ­
v i o u s l y ,  th e  vow e ls  [ i ]  and  [ a ]  were  c h o se n  t o  a l l o w  c o m p a r i ­
son  o f  mean n a s a l  a i r  f l o w  i n  c o n s o n a n t s  com bined  w i t h  two 
v o w e ls  which  d i f f e r e d  i n  to n g u e  p o s i t i o n  and v e l o p h a r y n g e a l  
v a l v i n g .  The n a s a l  a i r  f l o w  means f o r  c o n s o n a n t s  com bined
I l l
w i t h  [ i ]  and w i th  [ a ]  a re  p r e s e n t e d  I n  F i g u r e  23 f o r  b o th  
male  and  fem a le  s u b j e c t s .  I t  I s  a p p a r e n t  i n  F i g u r e  23 t h a t  
m a l e s ,  as a group, show l e s s  n a s a l  a i r  f l o w  i n  t h e  p r o d u c t i o n  
o f  p l o s i v e s  combined w i t h  [1]  t h a n  w i t h  [ a ] .  F e m a le s ,  how­
e v e r ,  e v i d e n c e d  g r e a t e r  n a s a l  a i r  f lo w  i n  t h e  p r o d u c t i o n  o f  
p l o s i v e s  combined w i t h  [ 1 ] .  The d i f f e r e n c e s  among t h e  means 
f o r  m a le  and f e m a le  g r o u p s  were n o t  t e s t e d  f o r  s t a t i s t i c a l  
s i g n i f i c a n c e ,  h o w e v e r .
A n a l y s i s  o f  t h e  vowel  m ain  e f f e c t  shows t h e  e f f e c t  
o f  t h e  s y l l a b i c  vowel  on c o n s o n a n t  n a s a l  a i r  f l o w  means when 
t h e  means a r e  a v e r a g e d  o v e r  a l l  c o n s o n a n t s  and b o t h  t y p e s  
o f  s y l l a b l e .  These a n a l y s e s ,  sum m arized  i n  T a b l e s  11 and  1 2 ,  
i n d i c a t e  t h a t  d i f f e r e n c e s  b e tw ee n  t h e  c o n s o n a n t  means i n  
t h e  two vowel c o n t e x t s  a r e  s i g n i f i c a n t  f o r  m a l e s ,  b u t  n o t  
f o r  f e m a l e s .  F o r  f e m a l e s ,  t h e n ,  a d i f f e r e n c e  was n o t  d e t e c t e d  
i n  mean n a s a l  a i r  f l o w  f o r  th e  c o n s o n a n t s  as  a group when 
t h e  means were a v e r a g e d  o v e r  b o t h  t y p e s  o f  s y l l a b l e  and 
c o n s i d e r e d  s e p a r a t e l y  f o r  t h e  two vowel  c o n t e x t s .  M a le s ,  
h o w ev er ,  had  s i g n i f i c a n t l y  l a r g e r  n a s a l  a i r  f lo w  means i n  
c o n s o n a n t s  combined w i t h  t h e  vow el  [ a ]  t h a n  w i t h  [ i ] .
F o r  m a l e s ,  t h e r e f o r e ,  c o n s o n a n t s  combined w i t h  t h e  
vowel  [ a ] ,  which  i s  p r o d u c e d  w i t h  t h e  to n g u e  r e l a t i v e l y  low  
i n  t h e  mouth and,  a c c o r d i n g  t o  x - r a y  s t u d y  (1^6), w i t h  a r e l a ­
t i v e l y  l a x  v e l a r  s e a l ,  a r e  c h a r a c t e r i z e d  by g r e a t e r  n a s a l  
a i r  f l o w .  For t h e  f e m a l e s ,  how ever ,  t h e  l a c k  o f  a  s i g n i f i ­
c a n t  vow el  e f f e c t  i s  a l s o  o f  i n t e r e s t .  I t  eqppears t h a t  t h i s  
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Figure 2 3 .— 'Tasal air ricv: i.:e£rs for the six plosive 
consonants produced in combination with [i] and in combina­
tion with [al, for twenty-five subjects of each sex. The 
means are over CV and VCV syllables.
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a way t h a t  r e s u l t e d  In  s i m i l a r  n a s a l  a i r  f low  moans when 
th e  c o n s o n a n t s  were  combined w i t h  [1]  and  w i th  [ a ] .
I t  may be no ted ,  a l s o ,  t h a t ;  f o r  b o t h  s e x e s ,  p l o s i v e s  
p ro d u c e d  w i t h  [ a ]  a re  c h a r a c t e r i z e d  by  g r e a t e r  o r a l  a i r  f lo w s  
t h a n  p l o s i v e s  p ro d u c e d  w i t h  [ 1 ] ,  Fo r  m ales ,  t h e n ,  p l o s i v e s  
combined w i t h  [ a ]  a re  a s s o c i a t e d  w i th  g r e a t e r  mean o r a l  and 
n a s a l  a i r  f l o w  t h a n  p l o s i v e s  combined w i t h  [1 ]*  F o r  f e m a l e s ,  
how ever ,  p l o s i v e s  combined w i t h  [ a ]  a r e  a s s o c i a t e d  w i t h  
g r e a t e r  o r a l  a i r  f low  means,  b u t  n o t  w i t h  g r e a t e r  n a s a l  a i r  
f lo w  m eans ,  t h a n  p l o s i v e s  combined w i t h  [ i ] .  T h i s  f i n d i n g  
s u g g e s t s  a p o s s i b l e  s e x  d i f f e r e n c e  w i t h  r e s p e c t  t o  vowel 
i n f l u e n c e  on v e l o p h a r y n g e a l  v a l v i n g  d u r i n g  p l o s i v e  c o n s o n a n t  
p r o d u c t i o n .  E x a m in a t io n  o f  t h e  d a t a  s u g g e s t s  th e  p o s s i b i l i t y  
t h a t  m ale  s u b j e c t s  a c h i e v e  a t i g h t e r  v e l o p h a r y n g e a l  v a lv e  
d u r i n g  p r o d u c t i o n  o f  c o n s o n a n t s  combined w i t h  [ a ]  t h a n  w i t h  
[ i ] .  F e m a le s ,  on t h e  o t h e r  h a n d ,  seemed t o  a c h i e v e  a 
s i m i l a r  v e l o p h a r y n g e a l  v a l v e  d u r i n g  p r o d u c t i o n  o f  c o n s o n a n t s  
combined  w i t h  [ i ]  and w i t h  [ a ] .  T h is  p o s s i b i l i t y  m ig h t  be 
e x p l o r e d  i n  f u t u r e  r e s e a r c h .
S y l l a b l e  Main E f f e c t  
A t h i r d  p u r p o s e  o f  t h i s  p h a se  o f  t h e  s t u d y  was t o  
i n v e s t i g a t e  t h e  e f f e c t  o f  t h e  two s y l l a b l e  c o n t e x t s ,  c o n s o -  
n a n t - v o w e l  and v o w e l - c o n s o n a n t - v o w e l ,  on t h e  n a s a l  a i r  f l o w  
means f o r  t h e  s i x  p l o s i v e  c o n s o n a n t s .  The n a s a l  a i r  f lo w  
means,  a v e r a g e d  o v e r  a l l  c o n s o n a n t s  and b o t h  vow els  f o r  c o n ­
s o n a n t s  i n  CV and VCV s y l l a b l e s ,  a r e  p r e s e n t e d  i n  F i g u r e  2Lf.,
I l k







Figure 21;.— ITcsal air flow aieans for the six plosive 
consonants nroduced in CV and VCV syllables, for twenty-
five subjects of each sex. 
[1] and [a].
The means are over the vowels
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I n  w h ich  i t  may b e  s e e n  t h a t  f e m a le  s u b j e c t s  e v i d e n c e  g r e a t e r  
mean n a s a l  a i r  f lo w  i n  the p r o d u c t i o n  o f  CV s y l l a b l e s  t h a n  
i n  p ro  d i c t i o n  o f  VCV s y l l a b l e s .  Males  a l s o  d i s p l a y  a g r e a t e r  
mean n a s a l  a i r  f l o w  i n  CV s y l l a b l e s  t h a n  i n  VCV s y l l a b l e s ,  
b u t  the d i f f e r e n c e s  b e tw ee n  t h e  means i s  s m a l l .  The mean f o r  
t h e  c o n s o n a n t s  p r o d u c e d  i n  CV s y l l a b l e s  by f e m a l e  s u b j e c t s  
s l i ^ t l y  e x c e e d s  t h e  mean f o r  c o n s o n a n t s  p r o d u c e d  i n  CV s y l ­
l a b l e s  b y  m a l e s .  M a les ,  how ever ,  e v id e n c e  a s l i g h t l y  g r e a t e r  
mean n a s a l  a i r  f l o w  i n  p r o d u c t i o n  o f  c o n s o n a n t s  i n  VCV 
s y l l a b l e s  t h e n  f e m a l e s .
The sum m aries  o f  the a n a l y s e s  o f  v a r i a n c e  p r e s e n t e d  
i n  T a b l e s  11 and 12 i n d i c a t e  t h a t  th e  s y l l a b l e  main  e f f e c t  
i s  s i g n i f i c a n t  f o r  f e m a le  s u b j e c t s ,  but  i s  n o t  s i g n i f i c a n t  
f o r  male  s u b j e c t s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t ,  w h i le  
t h e  d i f f e r e n c e  i n  vow el  c o n t e x t  d i f f e r e n t i a l l y  a f f e c t e d  n a s a l  
a i r  f l o w  o n l y  f o r  m a le  s u b j e c t s ,  d i f f e r e n c e s  i n  s y l l a b l e  c o n ­
t e x t  d i f f e r e n t i a l l y  a f f e c t e d  n a s a l  a i r  f l o w  o n l y  f o r  f e m a le  
s u b j e c t s .  On th e  b a s i s  o f  t h e s e  a n a l y s e s ,  i t  a p p e a r s  t h a t ,  
f o r  t h e  f e m a le  s u b j e c t s ,  t h e r e  may be  a p h y s i o l o g i c a l  d i f f e r ­
e n ce  i n  t h e  way p l o s i v e  c o n s o n a n t s  a r e  p r o d u c e d  i n  CV an d  
VCV s y l l a b l e s .
The n a s a l  a i r  f l o w  means r e p o r t e d  i n  th e  s y l l a b l e  
m a in  e f f e c t  may b e  compared  w i t h  t h e  means r e p o r t e d  i n  th e  
d i s c u s s i o n  o f  t h e  s y l l a b l e  m a in  e f f e c t  f c r  o r a l  a i r  f l o w .
F o r  b o t h  s e x e s ,  s u b s t a n t i a l l y  g r e a t e r  o r a l  a i r  f l o w  means 
were  a s s o c i a t e d  w i t h  the  p r o d u c t i o n  o f  p l o s i v e s  i n  CV
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s y l l a b l e s  t h a n  I n  VCV s y l l a b l e s .  F o r  f e m a le  s u b j e c t s ,  t h e n ,  
p r o d u c t i o n  o f  p l o s i v e s  i n  CV s y l l a b l e s  r e s u l t e d  i n  l a r g e r  
o r a l  and n a s a l  a i r  f lo w  means t h a n  p r o d u c t i o n  o f  p l o s i v e s  i n  
VCV s y l l a b l e s .  Fo r  m a l e s ,  how ever ,  p r o d u c t i o n  o f  p l o s i v e s  
i n  CV s y l l a b l e s  r e s u l t e d  i n  a g r e a t e r  o r a l  a i r  f l o w  m ean ,  b u t  
n o t  a s i g n i f i c a n t l y  g r e a t e r  n a s a l  a i r  f lo w  mean, t h a n  p r o d u c ­
t i o n  o f  the  c o n s o n a n t s  i n  VCV s y l l a b l e s .
C o n s o n a n t - b y - S y l l a b l e  I n t e r a c t i o n
Consonan t  n a s a l  a i r  f lo w  was m e a s u r e d  i n  CV and VCV 
s y l l a b l e s  i n  o r d e r  t o  i n v e s t i g a t e  f u r t h e r  the  i n f l u e n c e  o f  
s y l l a b l e  c o n t e x t  on p l o s i v e  sound p r o d u c t i o n .  As p r e v i o u s l y  
r e p o r t e d  i n  the d i s c u s s i o n  o f  the  s y l l a b l e  m a in  e f f e c t ,  when 
t h e  n a s a l  a i r  f lo w  means were a v e r a g e d  o v e r  a l l  c o n s o n a n t s  
an d  b o t h  vowel  c o n t e x t s ,  i t  was fou nd  t h a t  fem a le  s u b j e c t s  
h a d  s i g n i f i c a n t l y  l a r g e r  n a s a l  a i r  f lo w  means i n  c o n s o n a n t s  
p r o d u c e d  i n  CV t h a n  i n  VCV s y l l a b l e s ,  w h i l e  male s u b j e c t s  
e v i d e n c e d  no s i g n i f i c a n t  d i f f e r e n c e  i n  n a s a l  a i r  f l o w  i n  t h e  
two s y l l a b l e  c o n t e x t s .  When t h e  summaries  o f  the  a n a l y s e s  
o f  v a r i a n c e  o f  n a s a l  a i r  f lo w  d a t a  f o r  m a le  and f e m a l e  su b ­
j e c t s  a r e  examined i n  T a b l e s  11 and 1 2 ,  h o w ever ,  i t  may be  
n o t e d  t h a t  t h e  c o n s o n a n t - b y - s y l l a b l e  i n t e r a c t i o n  i s  s i g n i f i ­
c a n t  f o r  male  s u b j e c t s ,  b u t  n o t  f o r  f e m a l e s .  T h i s  i n d i c a t e s  
t h a t  the  d i f f e r e n c e s  among th e  means f o r  th e  i n d i v i d u a l  c o n ­
s o n a n t s  a v e r a g e d  o v e r  b o t h  v o w e l s ,  b u t  c o n s i d e r e d  s e p a r a t e l y  
f o r  t h e  tw o  s y l l a b l e  c o n t e x t s ,  a r e  d i f f e r e n t .
The n a s a l  a i r  f l o w  means f o r  male  s u b j e c t s  f o r  e a c h
117
o f  t h e  s i x  c o n s o n a n t s ,  a v e r a g e d  ove r  bo th  vowel  c o n t e x t s ,  b u t  
c o n s i d e r e d  s e p a r a t e l y  f o r  CV and VCV s y l l a b l e s ,  a re  shown I n  
F i g u r e s  2$ and 2 6 .  I n s p e c t i o n  o f  F i g u r e  25 i n d i c a t e s  t h a t  
t h e  means f o r  [p ]  and [b]  a r e  g r e a t e r  i n  CV s y l l a b l e s  t h a n  
i n  VCV s y l l a b l e s .  The means f o r  the  [ k ] ,  [ d ] ,  and  [g ]  s o u n d s ,  
h o w e v e r ,  a r e  s l i g h t l y  g r e a t e r  i n  VCV s y l l a b l e s  th a n  i n  CV 
s y l l a b l e s .  The means f o r  [ t ]  a r e  t h e  same i n  b o t h  CV and  VCV 
s y l l a b l e s •
The Duncan M u l t i p l e  Range T e a t  was u s e d  t o  l o c a t e  
s i g n i f i c a n t  d i f f e r e n c e s  among th e  r a e » a  f o r  cons c n a n t s  i n  
t h e  two s y l l a b l e  c o n t e x t s .  The r e s u l t s  a re  p r e s e n t e d  i n  
T a b le  1 5 .  T a b le  15 i n d i c a t e s  t h a t  t h e  means f o r  [p]  and [b]  
i n  CV s y l l a b l e s  a r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  means f o r  
t h e  o t h e r  c o n s o n a n t s ,  r e g a r d l e s s  of s y l l a b l e  c o n t e x t ,  e x c e p t  
f o r  [p ]  and [b ]  i n  VCV s y l l a b l e s .  The mean f o r  [b]  i n  VCV 
s y l l a b l e s  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  means f ar  [ t ]  
an d  [k ]  i n  b o t h  CV and VCV s y l l a b l e s .  O th e r  d i f f e r e n c e s  
among t h e  m eans  a r e  n o t  s i g n i f i c a n t .  T h e r e f o r e ,  t h e  s o u r c e  
o f  the  i n t e r a c t i o n  m ust  be  d e t e r m i n e d  on t h e  b a s i s  o f  i n s p e c ­
t i o n  o f  t h e  means i n  F i g u r e s  25 and  2 6 ,  S i n c e  a  s i g n i f i c a n t  
i n t e r a c t i o n  i n d i c a t e s  t h a t  the d i f f e r e n c e s  b e tw ee n  t h e  means 
f o r  t h e  p l o s i v e s  i n  CV s y l l a b l e s  and  VCV s y l l a b l e s  a r e  d i f ­
f e r e n t ,  F i g u r e s  25 and 26 may be i n s p e c t e d  f o r  e v i d e n c e s  o f  
f a i l u r e  o f  t h e  d i f f e r e n c e s  b e tw e e n  c o n s o n a n t  means t o  be t h e  
sam e.  I n s p e c t i o n  o f  t h e s e  f i g u r e s  s u g g e s t s  t h a t  t h e  s y l l a b l e  










[ t l  [ p]  [k j  [d]
U w.* ou  ̂L.,
--- i‘éM
[b] [ s i
Figure 2 5 , - - F u s a l  a i r  f l o ’.-: r .eans  f o r  each, o f  t h e  s i x  
p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  CV and VCV s y l l a b l e s ,  f o r  
t w e n t y - f i v e  m ale  s u b j e c t s .  The n e a n s  a r e  o v e r  t h e  vo w e ls  
[ i ]  a n d  [a ]  .
1 . 7 5  - i
1 .5 0  -J
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F i g u r e  26,  — N a s a l  a i r  f lov :  r.iecas f o r  e a c h  o f  th e  s i x  
p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  CV and i n  VCV s y l l a b l e s ,  f o r  
t w e n t y - f i v e  m ale  s u b j e c t s .  The n e a n s  a r e  o v e r  t h e  vow els  
[1 ]  and [ a ] .
TABLE 1 5 . — Duncan M u l t i p l e  Range T e s t  f o r  d i f f e r e n c e s  anong n a s a l  a i r  f lo w  means f o r  e a c h  
o f  t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  CV and VCV s y l l a b l e s ,  f o r  t w e n t y - f i v e  m ale  s u b ­
j e c t s .  The means a r e  o v e r  t h e  v o w e l s  [ i ]  and [a ]
a)  S h o r t e s t  S i g n i f i c a n t  Ranges
p :  (2)  (3) i k )  (5) (6)  (7) ( 8 ) (9)  (10)  (11) (12)
Rp: .1+62 .1+8? .503 .515 .5 2 5  .531 .538  .543 .54 8  .551 .5 5 4
b)  R e s u l t s
C o n s o n a n t s :  [k ]  [ t ]  [ t ]  [k ]  [d]  [g ]  [g]  [d ]  [p ]  [b ]  [b]  [p]
S y l l a b l e  C o n t e x t s :  CV VCV CV VCV CV CV VCV VCV VCV VCV CV CV
Means: .26  .3 2  .32  .33  .4 4  .47  .56  .57  .81 .9 0  1 .1 2  1 . 2 9
N o te :  Any two means n o t  u n d e r s c o r e d  by t h e  same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e
.0 5  l e v e l .
Any two means u n d ersco red  by the  same l i n e  are n ot s i g n i f i c a n t l y  d i f f e r e n t .
121
w h e r e a s  f o r  [ t ] ,  [ d ] ,  [ k ] ,  and [g]  t h e  s y l l a b l e  e f f e c t  I s  
s l i g h t .  I t  i s  a p p a r e n t ,  t h e r e f o r e ,  t h a t ,  f o r  male  s u b j e c t s ,  
n a s a l  a i r  f l o w  means f o r  th e  p l o s i v e s  a re  d i f f e r e n t i a l l y  
a f f e c t e d  by t h e  ty p e  of s y l l a b l e  i n  which  t h e y  a r e  t e s t e d .  
F o r  t h e  c o n s o n a n t  [ p ] ,  i n  p a r t i c u l a r ,  t h e  s y l l a b l e  e f f e c t  
a p p e a r s  t o  be r e l a t i v e l y  s t r o n g .  I n  c o n t r a s t ,  t h e r e  a p p e a r s  
t o  be no a p p r e c i a b l e  s y l l a b l e  e f f e c t  f o r  th e  [ t ]  so u n d .
F o r  m a le  s u b j e c t s ,  t h e  s y l l a b l e  e f f e c t  on t h e  i n d i ­
v i d u a l  c o n s o n a n t s  i s  n o t  t h e  same, a n d / o r  t h e  c o n s o n a n t s  a r e  
n o t  e q u a l l y  r e s p o n s i v e  t o  c h a n g e s  i n  s y l l a b l e  c o n t e x t .  How­
e v e r ,  t h e  l a c k  o f  a  s i g n i f i c a n t  c o n s o n a n t - b y - s y l l a b l e  i n t e r ­
a c t i o n  f o r  f e m a l e s  I n d i c a t e s  t h a t  t h e  s y l l a b l e  e f f e c t  i s  
s i m i l a r  f o r  e a c h  o f  th e  s i x  c o n s o n a n t s ,  a n d / o r  t h a t  e a c h  o f  
t h e  c o n s o n a n t s  i s  s i m i l a r l y  s e n s i t i v e  t o  t h e  s y l l a b l e  
i n f l u e n c e ,
When t h e  c o n s o n a n t - b y - s y l l a b l e  i n t e r a c t i o n  on o r a l  
a i r  f l o w  d a t a  was p r e s e n t e d  f o r  m a l e  s u b j e c t s ,  i t  was n o t e d  
t h a t  t h e  o r a l  a i r  f l o w  means f o r  e a c h  of t h e  s i x  p l o s i v e s  
w ere  s i g n i f i c a n t l y  g r e a t e r  i n  CV s y l l a b l e s  t h a n  i n  VCV s y l l a ­
b l e s ,  I t  was a l s o  n o t e d  t h a t  t h e  mean f o r  t h e  v o i c e l e s s  
c o n s o n a n t  [ t ]  i n  CV s y l l a b l e s  e x c e e d e d  t h a t  o f  t h e  o t h e r  
c o n s o n a n t s  and t h a t  t h e  mean fo r  [b ]  e x c e e d e d  the  m eans  f o r  
a l l  o t h e r  c o n s o n a n t s ,  e x c e p t i n g  [g ]  i n  CV and  i n  VCV s y l l a ­
b l e s ,  I n  c o n t r a s t ,  t h e  c o n s o n a n t  [ t ]  i s  a s s o c i a t e d  w i t h  
r e l a t i v e l y  s m a l l  n a s a l  a i r  f l o w  means i n  b o t h  CV and VCV 
s y l l a b l e s ,  a n d  t h e  c o n s o n a n t  [ b ] ,  w i t h  a  r e l a t i v e l y  l a r g e
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nasal air flow In both CV and VCV syllables.
V o w e l - b y - C o n s o n a n t - b y - S y l l a b l e  I n t e r a c t i o n  
A f o u r t h  m a j o r  p u rp o s e  of t h i s  p h a se  of the  s t u d y  
was t o  d e t e r m i n e  t h e  c a n b in e d  e f f e c t  o f  vowel  and  s y l l a b l e  
c o n t e x t s  on c o n s o n a n t  n a s a l  a i r  f l o w .  The v o w e l - b y - s y l l a b l e  
i n t e r a c t i o n  was n o t  s i g n i f i c a n t  f o r  e i t h e r  s e x ,  i n d i c a t i n g  
t h a t  d i f f e r e n c e s  among t h e  means f o r  the  c o n s o n a n t s  a s  a 
g ro u p  com bined  w i t h  [ i ]  and w i t h  [ a ]  i n  CV and VCV s y l l a b l e s  
were  s i m i l a r .  However, i n s p e c t i o n  o f  T a b l e s  11 and 12  i n d i ­
c a t e s  t h a t  t h e  v o w e l - b y - c o n s o n a n t - b y - a y l l a b l e  i n t e r a c t i o n  i s  
s i g n i f i c a n t  f o r  m ale  s u b j e c t s ,  b u t  n o t  f o r  f e m a l e s .  T h i s  
i n d i c a t e s  t h a t ,  f o r  t h e  m ale  s u b j e c t s ,  t h e  d i f f e r e n c e s  i n  
mean n a s a l  a i r  f lo w  f o r  t h e  s i x  i n d i v i d u a l  c o n s o n a n t s  i n  t h e  
v a r i o u s  s y l l a b l e - v o w e l  c o n t e x t s  a r e  d i f f e r e n t .  I n  F i g u r e s  
27 and 28 t h e  c o n s o n a n t  means m aking  up t h i s  i n t e r a c t i o n  a r e  
shown f o r  CV and  VCV s y l l a b l e s ,  r e s p e c t i v e l y .  These  same 
means a r e  p l o t t e d  i n  F i g u r e  29 f o r  c o n s o n a n t s  w i t h  t h e  vowel  
[ i ]  a c r o s s  s y l l a b l e s  and  i n  F i g u r e  30 f o r  c o n s o n a n t s  w i t h  
t h e  vowel  [ a ]  a c r o s s  s y l l a b l e s .  A f u r t h e r  p l o t  of  t h e  means 
i s  shown i n  F i g u r e s  31 and  3 2 .  I n  F i g u r e  31» t h e  means a r e  
p l o t t e d  f o r  t h e  c o n s o n a n t s  i n  CV s y l l a b l e s  a c r o s s  t h e  vow e ls  
[ i ]  and [ a ] ,  and i n  F i g u r e  32 f o r  the  c o n s o n a n t s  i n  VCV 
s y l l a b l e s  a c r o s s  t h e  vow els  [ i ]  and [ a ] .
With r e s p e c t  t o  t r e n d s  i n  t h e  d a t a ,  i t  may be s e e n  
i n  F i g u r e s  27 t h r o u g h  32 t h a t ,  r e g a r d l e s s  o f  t h e  s y l l a b l e -  
vowel  c o n t e x t ,  t h e  b i l a b i a l  p l o s i v e s  [p ]  and [b ]  a r e
1.50
1 .25  -4
: i .oo
H .75 -
.50  - i
.25
123
[p] [C] [b] [S]
, ^y*:
F i g u r e  2 7 . —F a s c l  a i r  riov; x e a n z  f o r  e a c h  o f  t h e  s I z  
p l o s i v e  c o n s o n a n t s  prod a c e c  i n  CV s y l l a b l e s  i n  c o m b i n a t i o n  
w i t h  [ i ]  and i n  c o m b i n a t i o n  w i th  [ a ] ,  f o r  t w e n t y - f i v e  m ale  
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lans f o r  e a c h  o f  t h eF i g u r e  2 o . - - F a s a l  a i r  flo*-.' 
s i x  p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  VC7 s y l l a b l e s  i n  c o m b in a ­
t i o n  w i t h  [ i ]  and i n  c o m b i n a t i o n  w i t h  [ a ] ,  f o r  t w e n t y - f i v e  









CV i t h VCV
F i g u r e  2 9 . - - F s s a l  a i r  f l c ^  r.ear.s f o r  e a c h  o f  t h e  s i x  
p l o s i v e  c o n s o n a n t s  p ro d u c e d  i n  CV and VCV s y l l a b l e s  i n  com­







CV [ s ]  VCV
- 3 0 . - - N a s a l  air* flo*.: means f o r  e a c h  of  t'ne s i x  
p l o s i v e  c o n s o n a n t s  p r o d a c e d  i n  CV and i n  VCV s y l l a b l e s  i n  






1 . 0 0
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25
; al
o:  t h e  si
p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  CV s y l l a b l e s  i n  c o n b i n a o i o n  
w i t h  [ i ]  and i n  co.Tibinaoion w i t h  [ a ] ,  f o r  t w e n t y - f i v e  male  









F i g u r e  5 2 . - - F u s a i  a i r  i i o : :  n e a n s  f o r  e a c h  o f  t h e  s i x  
p l o s i v e  c o n s o n a n t s  p r o d u c e d  i n  VCV s y l l a b l e s  i n  c o m b i n a t i o n  
n i t h  [ i ]  and i n  c o n b i n a o i o n  w i t h  [ a ] ,  f o r  t w e n t y - f i v e  n a l e  
s u b j e c t s .
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a s s o c i a t e d  w i th  t h e  l a r g e s t  n a s a l  a i r  f lo w  m eans ,  and t h a t  
t h e  means f o r  [g] and  [d]  e x c e e d  t h o s e  f o r  [k]  and [ t ] .  T he re
I s  a  c l e a r  t e n d e n c y  f o r  g r e a t e r  n a s a l  a i r  f l o w  t o  o c c u r
d u r i n g  p r o d u c t i o n  o f  c o n s o n a n t s  combined w i t h  [ a ]  t h a n  w i t h  
[1]  i n  b o t h  s y l l a b l e  c o n t e x t s .  T h i s  m ig h t  be e x p e c t e d  s i n c e  
t h e  vowel  main  e f f e c t  i s  s i g n i f i c a n t  f o r  male s u b j e c t s .
F i g u r e s  29 t h r o u g h  32 a l s o  show t h a t  t h e  d i f f e r e n c e  b e tw e e n  
t h e  n a s a l  a i r  f l o w  means f o r  t h e  b i l a b i a l  c o n s o n a n t s  and t h e  
means f o r  t h e  o t h e r  p l o s i v e  c o n s o n a n t s  i s  g r e a t e r  i n  CV 
s y l l a b l e s  t h a n  i n  VCV s y l l a b l e s ,  r e g a r d l e s s  o f  t h e  vowel w i t h
w h ich  t h e y  a r e  c o m b in ed .  I t  may a l s o  be n o t e d  i n  t h e s e
f i g u r e s  t h a t  t h i s  d i f f e r e n c e  i s  g r e a t e r  when t h e  c o n s o n a n t s  
a r e  com bined  w i t h  [ a ]  t h a n  w i t h  [ i ] ,  r e g a r d l e s s  of t h e  s y l l a ­
b l e  c o n t e x t .  F u r t h e r ,  F i g u r e s  29 and 30 show t h a t  t h e  mean 
f o r  t h e  [p]  sound e x c e e d s  t h e  mean f o r  [b ]  i n  CV s y l l a b l e s
and t h a t  t h e  mean f o r  [b]  e x c e e d s  t h a t  f o r  [p]  i n  VCV s y l l a ­
b l e s .  I t  may a l s o  be  s e e n  i n  t h e s e  f i g u r e s  t h a t  t h e  mean 
n a s a l  a i r  f l o w  f o r  some, b u t  n o t  a l l ,  o f  t h e  p l o s i v e  c o n s o ­
n a n t s  i s  g r e a t e r  i n  CV s y l l a b l e s  t h a n  i n  VCV s y l l a b l e s .  The
c o n s o n a n t  [ d ] ,  f o r  e x am p le ,  i s  c h a r a c t e r i z e d  by a  g r e a t e r  
mean n a s a l  a i r  f l o w  i n  VCV s y l l a b l e s  t h a n  i n  CV s y l l a b l e s .
I t  I s  f u r t h e r  a p p a r e n t  i n  t h e s e  f i g u r e s  t h a t  t h e  vow els  do 
n o t  a f f e c t  a l l  c o n s o n a n t s  i n  t h e  same way i n  t h e  two t y p e s  
o f  s y l l a b l e .  In  CV s y l l a b l e s ,  f o r  ex am p le ,  t h e  mean n a s a l  
a i r  f l o w  f o r  t h e  c o n s o n a n t  [g ]  i n c r e a s e d  when t h e  s y l l a b i c  
vowel was changed  f rom [a ]  t o  [ i ] .  I n  VCV s y l l a b l e s .
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how ever ,  the  mean n a s a l  a i r  f lo w  f o r  t h e  c o n s o n a n t  [g ]  
d e c r e a s e d  when t h e  s y l l a b l e  vowel was c han g ed  from [ a ]  t o  
[ 1 ] .
The Duncan M u l t i p l e  Range T e s t  was u se d  t o  l o c a t e  
t h e  s i g n i f i c a n t  d i f f e r e n c e s  among t h e  c o n s o n a n t  means I n  t h e  
v a r i o u s  s y l l a b l e - v o w e l  c o n t e x t s .  The r e s u l t s  a r e  shown I n  
T a b le  1 6 ,  I n s p e c t i o n  o f  T a b le  16 I n d i c a t e s  t h a t  many o f  t h e  
d i f f e r e n c e s  among t h e  means a r e  t o o  s m a l l  t o  be  s i g n i f i c a n t .
I t  I s  h e l p f u l  t o  c o n s u l t  F i g u r e s  29 t h r o u g h  32 I n  I n t e r p r e t i n g  
T a b le  1 6 ,  As p r e v i o u s l y  n o t e d ,  th e  means f o r  [p ]  and  [b]  
e x c e e d  t h e  meaas f o r  [ g ] ,  [ d ] ,  [ t ] ,  and [k ]  I n  a l l  s y l l a b l e -  
vow el  c o n t e x t s .  The Duncan T e s t  I n d i c a t e s  t h a t  when t h e  
p l o s i v e s  a r e  combined w i t h  [ a ]  I n  CV s y l l a b l e s ,  t h e  means f o r  
[p ]  and [b ]  a r e  n o t  d i f f e r e n t ,  b u t  t h a t  e a c h  o f  t h e s e  means 
s i g n i f i c a n t l y  e x c e e d  t h e  means f o r  t h e  o t h e r  c o n s o n a n t s .  
S i m i l a r l y ,  when p r o d u c e d  I n  CV s y l l a b l e s  w i t h  [ 1 ] ,  th e  means 
f o r  [p]  and [b ]  a r e  n o t  d i f f e r e n t ,  b u t  a r e  s i g n i f i c a n t l y  
l a r g e r  t h a n  t h e  means f o r  t h e  o t h e r  c o n s o n a n t s  i n  t h i s  
s y l l a b l e - v o w e l  c o n t e x t .  The means f o r  [p ]  and [b ]  I n  CV 
s y l l a b l e s  w i t h  [ a ]  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  means 
f o r  t h e s e  c o n s o n a n t s  I n  CV s y l l a b l e s  w i t h  [ 1 ] ,  The means 
f o r  [ g ] ,  [ d ] ,  [ t ] ,  a n d  [k]  I n  CV s y l l a b l e s  w i t h  [1 ]  and w i t h  
[ a ]  do n o t  d i f f e r  s i g n i f i c a n t l y .
The means f o r  th e  p l o s i v e s  [b ]  and  [p ]  do n o t  d i f f e r  
s i g n i f i c a n t l y  when t h e s e  so u n d s  a r e  p r o d u c e d  I n  VCV s y l l a b l e s  
w i t h  [ a ] .  However, t h e  means f o r  t h e s e  two c o n s o n a n t s
TABLE 1 6 . — Duncan M u l t i p l e  Range T e a t  f o r  d i f f e r e n c e s  among n a s a l  a i r  f l o w  means f o r  e a c h  o f  t h e  s i x  p l o s i v e  c o n s o n a n t s  p r o ­
duce d  I n  CV and VCV s y l l a b l e s  I n  c o m b i n a t i o n  w i t h  [1]  and w i t h  [ a ] ,  f o r  t w e n t y - f i v e  male s u b j e c t s
a)  S h o r t e s t  S i g n i f i c a n t Ranges
p :  (2) (3)  (U) (5) (6) (7)  (8) (9)  (10) (11) (12) ( 1 3 ) (14) ( 1 5 ) (1 6 ) (17) (1 8 ) (19) (20) (21) (22) (23) (24)
Rp: .282 .297 .307 .3 1 4  .320  .3 2 4  .328 .3 3 1  .3 3 4  .336 .3 3 8 .3 4 0  .3 4 2  .343 .3 4 4 .346 .347 .348 .349 .3 4 9 .3 4 9 .3 5 0 .3 5 0
b) R e s u l t s
C o n s o n a n t s  : [k]  [k]  [ t ]  [ t ]  [ t ] [d ]  [g] [ t ]  [k]  [d] [k ]  [d] [g]  [g ]  [g] [p] [d] Lb] I t ] [p] [P] [b] [b] [p]
S y l l a b l e  C o n t e x t s : CV VCV VCV CV CV CV CV VCV CV VCV VCV CV VCV CV VCV VCV VCV VCV CV VCV CV VCV CV CV
Vowel C o n t e x t s : [ 1 ] [ 1 ] [ 1 ] [ 1 ] [a] [1] [1] [a ]  [a]  [1] [a ]  [a]  [ a ]  [ a ]  [1] t i ] [a]  [1]  Li] [a] U ] [ a ] [ a ] [a ]
Means : .1 2  .19  .2 3  .3 0  .34 .38  .39  .4 2  .4 4  .45 .46 .4 9  .53  . 5 5  .59 .62 .69 .70  .86 1 . 0 0 1 .0 3 1 . 0 9 1 . 3 6 1 .5 5
N ote :  Any two means n o t  u n d e r s c o r e d  by th e same l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t t h e .05  l e v e l ,
Any two means u n d e r s c o r e d  by t h e  s ane  l i n e  a r e  n o t  s i g n i f i c a n t l y d i f f e r e n t .
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s i g n i f i c a n t l y  e x ce ed  t h o s e  f o r  [ d ] ,  [ g ] ,  [ k ] ,  and [ t ]  I n  t h i s  
s y l l a b l e - v o w e l  c o n t e x t .  The means f o r  [ d ] ,  [ g ] ,  [ k ] ,  and  [ t ]  
I n  VCV s y l l a b l e s  w i t h  [ a ]  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
I n  VCV s y l l a b l e s  w i th  [ i ] ,  tbie means f o r  [b ]  and  [p ]  s i g n i ­
f i c a n t l y  e x c e e d  t h e  means f o r  [ t ]  and  [ k ] ,  b u t  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom th e  means f o r  [g]  and [ d ] .  The 
mean f o r  [g ]  s i g n i f i c a n t l y  e x c e e d s  t h e  means f o r  [ t ]  and [ k ] ,  
b u t  t h e  mean f o r  [d ]  d o es  n o t .  The means f o r  [ d ] ,  | . t ] ,  and 
[k ]  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  i n  VCV s y l l a b l e s  w i th  
[ i ] .  The means f o r  [ p ]  and [b ]  i n  VCV s y l l a b l e s  w i t h  [a] 
a r e  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  means f o r  [p]  and [b]  i n  
VCV s y l l a b l e s  w i t h  [ i ] .  The means f o r  [ g ] ,  [ d ] ,  [ t ] ,  and  
[ k ]  i n  VCV s y l l a b l e s  w i t h  [ a ]  do n o t  d i f f e r  s i g n i f i c a n t l y  
frcxn th e  means f o r  t h e s e  c o n s o n a n t s  i n  VCV s y l l a b l e s  w i th
[ i ] ,  h o w e v e r .  I n s p e c t i o n  o f  t h e s e  d a t a  i n d i c a t e s ,  t h e r e f o r e ,  
t h a t  t h e  n a s a l  a i r  f l o w  means f o r  t h e  c o n s o n a n t s  [p ]  and [b ]  
a r e  m a r k e d ly  a f f e c t e d  by  t h e  s y l l a b l e - v o w e l  c o n t e x t ,  w n i l e  
t h e  means f o r  th e  o t h e r  c o n s o n a n t s  a p p e a r  t o  b e  a f f e c t e d  t o  
a  l e s s e r  e x t e n t .  I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  p r e s e n c e  
o f  t h i s  s i g n i f i c a n t  v o w e l - b y - s y l l a b l e  i n t e r a c t i o n  was due 
p r i m a r i l y  t o  t h e  r e l a t i v e l y  m arked  e f f e c t  o f  th e  d i f f e r e n t  
s y l l a b l e - v o w e l  e n v i r o n m e n t s  on t h e  [p ]  and [b]  sou nd s  a s  
ccanpared t o  t h e  o t h e r  p l o s i v e s .
CHAPTER V 
SUMMARY AND CONCLUSIONS
T h i s  s t u d y  r e p r e s e n t s  an a t t e m p t  t o  I n v e s t i g a t e ,  I n  
n o rm a l  a d u l t  s p e a k e r s ,  t h e  volume r a t e s  o f  o r a l  and n a s a l  
a i r  f l o w  ex p en ded  d u r i n g  t h e  p r o d u c t i o n  o f  s i x  p l o s i v e  c o n s o ­
n a n t s ,  and  t o  d e t e r m i n e  t h e  e f f e c t s  o f  c e r t a i n  vo w e l  and 
s y l l a b l e  c o n t e x t s  on t h e s e  r a t e s  o f  f l o w ,  A r e v i e w  o f  r e l e ­
v a n t  l i t e r a t u r e  I n d i c a t e d  t h a t  t h e r e  h a v e  been  few  a t t e m p t s  
t o  a n a l y z e  e x p e r i m e n t a l l y  t h e  e x p i r a t o r y  a i r  s t r e a m  I n  
s p e e c h .  T h is  s t u d y  was u n d e r t a k e n  b e c a u s e  o f  t h e  inç>ortance 
o f  o b j e c t i v e  d a t a  c o n c e r n i n g  a i r  f l o w  I n  s p e e c h  t o  sp e e c h  
p a t h o l o g i s t s  and p h o n e t i c i a n s .
I n  t h i s  s t u d y ,  t w e n t y - f i v e  young a d u l t  m a le s  and 
t w e n t y - f i v e  young a d u l t  f e m a le s  were  u t i l i z e d  as  s u b j e c t s .
A l l  s u b j e c t s  were s e l e c t e d  f rom  l o c a l l y  a v a i l a b l e  v o l u n t e e r s ,  
and a l l  were r e q u i r e d  t o  meet  c e r t a i n  s t a n d a r d s  f o r  s e l e c ­
t i o n .  S u b j e c t s  were r e q u i r e d  t o  be n o rm a l  s p e a k e r s ,  t o  be 
b e tw ee n  t h e  a g es  o f  t w e n t y  and t h i r t y - s i x  y e a r s ,  t o  have 
e s s e n t i a l l y  no rm al  h e a r i n g  I n  a t  l e a s t  one  e a r ,  t o  p r e s e n t  
no h i s t o r y  o f  r e c e n t  o r  c h r o n i c  r e s p i r a t o r y  I l l n e s s ,  and t o  
be a b l e  t o  p e r f o r m  t h e  e x p e r i m e n t a l  t a s k  f o l l o w i n g  b r i e f  
I n s t r u c t i o n  and p r a c t i c e .
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Each s u b j e c t  p r o d u c e d  a s e r i e s  o f  s y l l a b l e s  com­
p o se d  o f  t h e  p l o s i v e  c o n s o n a n t s  [ p ] ,  [ b ] ,  [ t ] ,  [ d ] ,  [ k ] ,  
and [g]  i n d i v i d u a l l y  combined  w i t h  t h e  vowels  [ i ]  and [ a ]  i n  
CV, VCV and VC s y l l a b l e s .  Each  s u b j e c t  was r e q u i r e d  t o  
p ro d u c e  t h e  t h r e e  t y p e s  o f  s y l l a b l e s  i n v o l v i n g  a g i v e n  c o n s o ­
n a n t  i n  c o m b i n a t i o n  w i t h  a g iv e n  vowel  i n  one e x h a l a t i o n ,  a t  
a  c o n v e r s a t i o n a l  l e v e l  o f  i n t e n s i t y ,  and i n  a m o n o to n e ,  A 
c o n v e r s a t i o n a l  l e v e l  o f  I n t e n s i t y  was r e q u i r e d  b e c a u s e  I t  
was d e s i r e d  t o  i n v e s t i g a t e  volume r a t e s  o f  o r a l  and  n a s a l  a i r  
f l o w  a t  l e v e l s  o f  v o c a l  I n t e n s i t y  which  were  c o m f o r t a b l e  f o r  
t h e  s p e a k e r ,  r a t h e r  t h a n  a t  a r t i f i c i a l l y  Imposed i n t e n s i t y  
l e v e l s  w h ic h  m ig h t  be  t y p i c a l  o f  some s p e a k e r s ,  b u t  n o t  o f  
o t h e r s .  S u b j e c t s  were  r e q u i r e d  t o  s p e a k  I n  a m onotone  so  
t h a t  a d i s p r o p o r t i o n a t e  I n f l e c t i o n a l  e m p h a s i s  would  n o t  be 
g i v e n  any one  s y l l a b l e  I n  a s e q u e n c e  c o n t a i n i n g  t h e  t h r e e  
t y p e s  o f  s y l l a b l e  and  t o  a s s u r e  a u n i f o r m  p i t c h  l e v e l  w i t h i n  
t h e  s y l l a b l e  s e q u e n c e .  To g u a r d  f u r t h e r  a g a i n s t  t h i s  p o s s i ­
b i l i t y ,  t h e  o r d e r  o f  p r e s e n t a t i o n  o f  s y l l a b l e s  w i t h i n  a 
s e q u e n c e  was r a n d o m iz e d .
I n  t h e  p r e s e n t  s tu d y ,  no a t t e m p t  was made t o  m easu re  
o r a l  o r  n a s a l  a i r  f l o w  I n  t h e  p r o d u c t i o n  o f  c o n s o n a n t s  I n  VC 
s y l l a b l e s .  I n  t h e s e  s y l l a b l e s ,  where t h e  c o n s o n a n t  seirved 
t o  a r r e s t  t h e  s y l l a b l e ,  an a c c e p t a b l e  a c o u s t i c  p r o d u c t i o n  o f  
t h e  s y l l a b l e  was h e a r d  by  t h e  e x a m in e r  w h e t h e r  o r  n o t  an 
e x p l o s i v e  p h a s e  was p r e s e n t .  S i n c e  s u b j e c t s  were n o t  s p e c i ­
f i c a l l y  I n s t r u c t e d  t o  r e l e a s e  t h e  f i n a l  c o n s o n a n t ,  some 
s u b j e c t s  r e l e a s e d  I t  and  some d i d  n o t ,  so  t h a t  an  e x p l o s i v e
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p h a s e  o f  t h e  c o n s o n a n t  In  VC s y l l a b l e s  was n o t  a lw ays  fo un d  
on t h e  c h a r t  r e c o r d .  I n  a d d i t i o n ,  t h e  c h a r t  r e c o r d  o f  t h e  
e x p l o s i v e  p h a se  i n  VC s y l l a b l e s ,  when p r e s e n t ,  was o f t e n  
m erged  w i t h  t h e  r e c o r d  o f  an i m m e d i a t e l y - f o l l o w i n g  e x h a l a t i o n .  
F o r  t h e s e  r e a s o n s ,  no  d e m o n s t r a b ly  r e l i a b l e  o r  v a l i d  means 
f o r  d e t e r m i n i n g  t h e  maximum o r a l  a i r  f lo w  i n  VC s y l l a b l e s  
was f o u n d .
A l l  d a t a  were  c o l l e c t e d  i n  a  s o u n d - t r e a t e d  t e s t  room 
w h ich  p r o v i d e d  a s i m i l a r  s p e a k i n g  e n v i r o n m e n t  f o r  a l l  s u b ­
j e c t s ,  S u b j e c t s  w ere  s e a t e d  d u r i n g  t h e  c o l l e c t i o n  o f  d a t a .
Two pneumoanemometer  u n i t s ,  w h ic h  a r e  s p e c i a l l y  d e s i g n e d  
h o t - w i r e  anem o m ete rs ,  were u t i l i z e d  i n  d a t a  c o l l e c t i o n .  The 
anemometer  s e n s i n g  e l e m e n t s  were  c o n t a i n e d  i n  o r a l  and n a s a l  
s e c t i o n s  o f  an o p e n -e n d e d  m e t a l  t u b e  w h ic h  p r o t r u d e d  a n t e ­
r i o r l y  f rom  a  f a c e  m ask ,  A p a r t i t i o n  i n  t h e  m id d l e  o f  t h e  
t u b e  and  f a c e  mask s e p a r a t e d  t h e  o r a l  f rom t h e  n a s a l  a i r  
f l o w ;  a n d ,  b e c a u s e  t h e  t u b e  was open a t  t h e  e n d ,  t h e r e  was 
n e g l i g i b l e  Impedance  t o  t h e  a i r  f l o w .  Each  s e n s i n g  e l e m e n t  
was c o n n e c t e d  t o  a d i f f e r e n t  pneumoanemometer  u n i t  p e r m i t t i n g  
s e p a r a t e  and s i m u l t a n e o u s  t r a n s d u c t i o n  o f  o r a l  and  n a s a l  a i r  
f l o w  I n t o  c o n t i n u o u s  v o l t a g e  a n a l o g s .  These  a n a l o g s  were  
r e c o r d e d  on s e p a r a t e  c h a n n e l s  o f  a  d u a l - c h a n n e l  c h a r t  r e c o r d e r .  
The p e a k  o r a l  f l o w ,  a s  I n d i c a t e d  b y  t h e  maximum e x c u r s i o n  o f  
t h e  c h a r t  r e c o r d e r  s t y l u s ,  was t h e n  l o c a t e d  i n  e a c h  s y l l a b l e ,  
and t h i s  e x c u r s i o n  was m easu red  i n  m i l l i m e t e r s .  The n a s a l  
a i r  f l o w  r e g i s t e r e d  a t  t h e  i n s t a n t  o f  maximum o r a l  a i r  f lo w  
d u r i n g  c o n s o n a n t  p r o d u c t i o n  was s i m i l a r l y  m e a s u r e d .  The
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m i l l i m e t e r  m ea su re m e n ts  t h u s  o b t a i n e d  were c o n v e r t e d  m a th e ­
m a t i c a l l y  t o  volume r a t e s  o f  o r a l  and  n a s a l  a i r  f l o w  e x p r e s ­
s e d  I n  l i t e r s  p e r  i b ln u t e .
The d a t a  f o r  m ale  and fem a le  s u b j e c t s  were a n a l y z e d  
s t a t i s t i c a l l y  by means o f  a s p l l t - p l o t - d e s l g n  a n a l y s i s  o f  
v a r i a n c e  w i t h  a  f a c t o r i a l  a r r a n g e m e n t  o f  t r e a t m e n t s  and ,  
where  a p p r o p r i a t e ,  by Duncan M u l t i p l e  Range T e s t s ,  I t  may 
be n o t e d  t h a t  t h i s  s t u d y  w a s .  I n  e f f e c t ,  a r e p l i c a t i o n  o f  
one e x p e r i m e n t  on two d i f f e r e n t  g r o u p s  o f  s u b j e c t s  c l a s s i ­
f i e d  by  s e x .  A l th o u g h  t h e  d a t a  f o r  t h e  two s e x e s  were n o t  
com pared  s t a t i s t i c a l l y ,  t r e n d s  were  d i s c u s s e d .
I n  t h e  p r e s e n t a t i o n  o f  f i n d i n g s ,  t h e  t e r m s  "mean 
o r a l  a i r  f l o w , "  and "mean n a s a l  a i r  f lo w "  were  u s e d .  S i n c e  
t h e  e x a c t  m ean in g  o f  t h e s e  t e rm s  I s  b a s i c  t o  an  u n d e r s t a n d i n g  
o f  t h e  f i n d i n g s ,  I t  may be r e i t e r a t e d  t h a t  t h e y  were  u s e d  as  
s u b s t i t u t e s ,  r e s p e c t i v e l y ,  f o r  t h e  more a c c u r a t e  t e r m s  
"mean maximum volume r a t e  o f  o r a l  a i r  f low "  and "mean volume 
r a t e  o f  n a s a l  a i r  f l o w  m e a s u re d  a t  t h e  I n s t a n t  o f  p e a k  o r a l  
a i r  f l o w , "  The t o t a l  volume o f  o r a l  a i r  u s e d  d u r i n g  p r o ­
d u c t i o n  o f  a so u n d ,  t h e r e f o r e ,  was n o t  m e a s u r e d ;  r a t h e r ,  
t h e  p e ak  o r  maximum volume r a t e  o f  f lo w  was m e a s u r e d ,  A 
so u n d  o f  r e l a t i v e l y  s m a l l  peak  f l o w  m i g h t ,  c o n c e i v a b l y ,  
have  I n v o l v e d  a g r e a t e r  t o t a l  volume o f  a i r  t h a n  one o f  
l a r g e  peak  f l o w ,  were I t  s u s t a i n e d  l o n g e r .  S i m i l a r l y ,  n a s a l  
a i r  f lo w  m ea su rem en ts  were  made s i m p l y  a t  a  p o i n t  I n  t im e  
c o r r e s p o n d i n g  t o  peak  o r a l  a i r  f l o w ,  and t h e  m e a su re m e n ts  
o b t a i n e d  d i d  n o t  r e p r e s e n t  t h e  t o t a l  volume o f  n a s a l  a i r
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d u r i n g  th e  sound p r o d u c t i o n ,  and d i d  n o t  n e c e s s a r i l y  r e p r e ­
s e n t  e i t h e r  p e a k  o r  m in im a l  n a s a l  a i r  f l o w .
O r a l  Mid N a s a l  A i r  F low D i f f e r e n c e s
Among t h e  S i x  C o n so n a n ts
The f i r s t  r e s e a r c h  q u e s t i o n  p o s e d  I n  t h e  p r e s e n t
s t u d y  was:  How do t h e  mix p l o s i v e  c o n s o n a n t s  d i f f e r  w i t h
r e s p e c t  t o  volume r a t e s  o f  o r a l  and n a s a l  a i r  f low ?  The
s t a t i s t i c a l  a n a l y s e s  r e l e v a n t  t o  t h i s  q u e s t i o n  were t h e  
c o n s o n a n t  m ain  e f f e c t  and t h e  a s s o c i a t e d  Duncan M u l t i p l e  
Range T e s t s .
With r e s p e c t  t o  o r a l  a i r  f l o w ,  t h e  p r e s e n c e  o f  a 
s i g n i f i c a n t  c o n s o n a n t  m ain  e f f e c t  i n d i c a t e d  t h a t  t h e r e  w ere  
d i f f e r e n c e s  among t h e  means f o r  t h e  s i x  c o n s o n a n t s .  A n a l y s i s  
o f  t h e  consonauit  m a in  e f f e c t ,  i n  w h ic h  t h e  o r a l  a i r  f lo w  
means f o r  e a c h  c o n s o n a n t  were  a v e r a g e d  o v e r  b o t h  t y p e s  o f  
s y l l a b l e  and b o t h  v o w e l s ,  i n d i c a t e d  t h a t ,  f o r  b o t h  s e x e s ,  
t h e  m eans  f o r  t h e  v o i c e l e s s  c o n s o n a n t s  [ t ] ,  [ p ] ,  and [k]  
were s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  means f o r  t h e  v o i c e d  
c o n s o n a n t s  [ d ] ,  [ b ] ,  and [ g ] .  T h i s  f i n d i n g  a p p e a r e d  t o  be  
c o n s i s t e n t  w i t h  f i n d i n g s  r e p o r t e d  by  B la c k  ( ^ ) ,  who s t u d i e d  
i n t r a o r a l  a i r  p r e s s u r e  d i f f e r e n c e s  among c o n s o n a n t s .  W hi le  
t h e  r e a s o n s  f o r  t h e s e  o r a l  a i r  f l o w  d i f f e r e n c e s  be tw een  
v o i c e d  and v o i c e l e s s  c o n s o n a n t s  a r e  n o t  r e v e a l e d  by t h e  
p r e s e n t  r e s e a r c h ,  t h e y  may be  due t o  t h e  a c t i o n  o f  t h e  
g l o t t i s  i n  im pe d ing  a i r  f lo w  d u r i n g  v o i c e d  so un d  p r o d u c t i o n ,  
and  t h e  a b s e n c e  o f  t h i s  a c t i o n  i n  v o i c e l e s s  sound  p r o d u c t i o n .  
They may a l s o  r e f l e c t  a t e n d e n c y  f o r  s p e a k e r s  t o  i n c r e a s e  t h e
138
I n t e n s i t y  l e v e l  o f  v o i c e l e s s  sco nd s  t o  make them more a u d i b l e .  
O th e r  d i f f e r e n c e s  among t h e  c o n s o n a n t  means were a l s o  
f o u n d .  F o r  t h e  fem a le  s u b j e c t s ,  t h e  o r a l  a i r  f l o w  means f o r  
t h e  l i n g u a - a l v e o l a r  c o n s o n a n t s  [ t ]  and [d ]  were s i g n i f i c a n t l y  
l a r g e r  t h a n  t h o s e  f o r  t h e  o t h e r  v o i c e l e s s  and v o i c e d  c o n s o n a n t s ,  
r e s p e c t i v e l y .  The t r e n d s  f o r  m ale  s u b j e c t s  were s i m i l a r ,  b u t  
t h e  mean f o r  [d ]  was n o t  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  means 
f o r  t h e  o t h e r  v o i c e d  c o n s o n a n t s  and th e  mean f o r  [ t ]  was 
s i g n i f i c a n t l y  g r e a t e r  t h a n  o n l y  one o f  t h e  o t h e r  two v o i c e l e s s  
c o n s o n a n t s ,  [ k ] .  I t  would  a p p e a r ,  how ever ,  t h a t ,  b e c a u s e  t h e  
t r e n d s  were s i m i l a r  f o r  b o t h  m a le  and f e m a le  s u b j e c t s ,  had  
more s u b j e c t s  o f  e a c h  s e x  b een  t e s t e d ,  o r  h a d  s o u r c e s  o f  
e x p e r i m e n t a l  e r r o r  b e e n  f u r t h e r  m in i m i s e d ,  a t  l e a s t  some o f  
t h e  n o n s i g n i f i c a n t  t r e n d s  m ig h t  h a v e  b een  s i g n i f i c a n t .
F u r t h e r  r e s e a r c h  I s  n e e d e d  t o  t e s t  t h i s  h y p o t h e s i s .
W ith  r e s p e c t  t o  n a s a l  a i r  f l o w ,  t h e  p r e s e n c e  o f  a 
s i g n i f i c a n t  c o n s o n a n t  m a in  e f f e c t  I n d i c a t e d  t h a t  t h e r e  were 
d i f f e r e n c e s  among t h e  means f o r  t h e  s i x  c o n s o n a n t s .  I t  was 
n o t e d ,  h o w ev er ,  t h a t  t h e  mean n a s a l  a i r  f l o w  v a l u e s  were  
u n i f o r m l y  s m a l l ,  se ldom  e x c e e d i n g  one l i t e r  p e r  m i n u t e .  The 
p r e s e n c e  o f  a  n a s a l  a i r  f l o w  r e a d i n g  d u r i n g  p r o d u c t i o n  o f  
p l o s i v e  c o n s o n a n t s ,  w h ic h  a r e  c l a s s i f i e d  p h o n e t i c a l l y  as  
n o n n a s a l  c o n s o n a n t s ,  r a i s e d  a  q u e s t i o n  c o n c e r n i n g  t h e  c a u se  
o f  t h e  f l o w s .  P o s s i b l e  c a u s e s  I n c l u d e d :  (1 )  an o p e n in g  o f
t h e  v e l o p h a r y n g e a l  p o r t  c o i n c i d e n t  w i t h  t h e  r e l e a s e  o f  a i r  
f rom  t h e  mouth d u r i n g  t h e  e x p l o s i v e  p h a se  o f  c o n s o n a n t  p r o ­
d u c t i o n ;  (2)  e x p u l s i o n  o f  a i r  f rom  t h e  no se  due t o  t h e
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• l « v a t l o n  o f  th e  v e lu m  i n  t h e  n a s o p h a r y n g e a l  s p a c e  d u r i n g  
c l o s u r e ;  and (3) a l e a k a g e  o f  o r a l  a i r  f low  i n t o  t h e  n a s a l  
s e c t i o n  o f  t h e  f a c e  mask due t o  movement o f  t h e  a r t i c u l a t i n g  
o r a l  s t r u c t u r e s  w i t h  r e s u l t a n t  d i s p l a c e m e n t  o f  t h e  p a r t i t i o n  
s e p a r a t i n g  t h e  o r a l  and n a s a l  s e c t i o n s  o f  t h e  m a s k .  F u r t h e r  
r e s e a r c h  i s  n e e d e d  t o  e x p l o r e  t h e  s p e c i f i c  m echanism s w h ic h  
a c c o u n t  f o r  t h e  p r e s e n c e  o f  n a s a l  a i r  f low  i n  p r o d u c t i o n  o f  
t h e s e  s o u n d s .  S t u d i e s  u t i l i z i n g  s i m u l t a n e o u s  m ea su re s  o f  
n a s a l  a i r  f l o w  and c i n e f l u o r o s o o p l c  v i s u a l i z a t i o n  o f  v e l o ­
p h a r y n g e a l  v a l v i n g  may h e l p  d e f i n e  t h e  l o c a t i o n  o f  t h e  ve lum  
i n  r e l a t i o n  t o  r e c o r d e d  n a s a l  a i r  f l o w .  I n  any  e v e n t ,  t h e s e  
d a t a  c a n  be e x p e c t e d  t o  be o f  v a l u e  i n  s u b s e q u e n t  s t u d i e s  o f  
n a s a l  a i r  f lo w  i n  w h ich  t h e  p r e s e n t  i n s t r u m e n t a t i o n  i s  u s e d .
When t h e  c o n s o n a n t  m ain  e f f e c t  f o r  n a s a l  a i r  f l o w  
was a n a l y z e d ,  i t  was fo u n d  t h a t ,  f o r  m a l e s ,  t h e  [p ]  a n d  [b ]  
so u n d s  e v i d e n c e d  s i g n i f i c a n t l y  g r e a t e r  n a s a l  a i r  f l o w  means 
t h a n  [d ]  o r  [ g ] ,  and t h a t  t h e  means f o r  t h e  [d ]  and [g ]  
so u n d s  were s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  f o r  [ t ]  and 
[ k ] .  The d i f f e r e n c e s  b e tw ee n  t h e  c o n s o n a n t s  i n  e a c h  p a i r  
were  n o t  s i g n i f i c a n t ,  h o w e v e r .  T hus ,  f o r  m a le  s u b j e c t s ,  t h e  
c o n s o n a n t s  t e n d e d  t o  g ro u p  t h e m s e l v e s  a c c o r d i n g  t o  p l a c e  o f  
a r t i c u l a t i o n  f o r  t h e  c o n s o n a n t s  w i t h  t h e  l a r g e s t  n a s a l  a i r  
f lo w  m eans ,  [p ]  and [ b ] ,  and a c c o r d i n g  t o  v o i c i n g  c h a r a c ­
t e r i s t i c s  t h e r e a f t e r .  F o r  f e m a le  s u b j e c t s ,  t h e  n a s a l  a i r  
f l o w  mean f o r  [p]  was s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  means 
f o r  t h e  o t h e r  c o n s o n a n t s  and  t h e  mean f o r  [b ]  was s i g n i f i ­
c a n t l y  l a r g e r  t h a n  t h e  means f o r  [g ]  and [ k ] . O th e r
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d i f f e r e n c e s  among th e  means f o r  e a c h  o f  t h e  s i x  c o n s o n a n t s  
were n o t  s i g n i f i c a n t .  I t  was a l s o  n o t e d  t h a t ,  f o r  b o t h  
s e x e s ,  t h e  n a s a l  a i r  f l o w  means f o r  t h e  b i l a b i a l  c o n s o n a n t s  
[ p ]  and [b ]  s i g n i f i c a n t l y  e x c e e d e d  t h e  means f o r  t h e  l i n g u a -  
v e l a r  c o n s o n a n t s  [k ]  and [ g ] .
When th e  means f o r  b o t h  o r a l  and  n a s a l  a i r  f lo w  f o r  
e a c h  c o n s o n a n t  were c o n s i d e r e d ,  i t  was o b s e r v e d  t h a t  i t  was 
n o t  p o s s i b l e  t o  p r e d i c t  t h e  r e l a t i v e  s i z e  o f  n a s a l  a i r  f l o w  
means f o r  p l o s i v e  c o n s o n a n t s  from t h e  r e l a t i v e  s i z e  o f  t h e i r  
o r a l  a i r  f l o w  m e a n s .  Fo r  e x am p le ,  f o r  b o t h  s e x e s ,  t h e  c o n s o ­
n a n t  [p]  was c h a r a c t e r i z e d  b y  r e l a t i v e l y  l a r g e  o r a l  and  n a s a l  
a i r  f lo w  m eans ,  w h i l e  [k ]  was c h a r a c t e r i z e d  by a r e l a t i v e l y  
l a r g e  o r a l  a i r  f lo w  mean and a r e l a t i v e l y  s m a l l  n a s a l  a i r  
f l o w  m ean .  I t  a p p e a r e d ,  t h e r e f o r e ,  t h a t  p l o s i v e s  w h ich  have  
s i m i l a r  o r a l  a i r  f l o w  means may d i f f e r  m a r k e d ly  w i t h  r e s p e c t  
t o  mean n a s a l  a i r  f l o w .
On t h e  b a s i s  o f  t h e s e  f i n d i n g s ,  i t  would  seem r e a ­
s o n a b l e  t o  g e n e r a l i z e  t h a t ,  when t h e  means were a v e r a g e d  o v e r  
b o t h  vow el  and s y l l a b l e  c o n t e x t s  u s e d  i n  t h i s  r e s e a r c h ,  
v o i c e l e s s  p l o s i v e  c o n s o n a n t s  e v i d e n c e d  g r e a t e r  o r a l  a i r  f l o w  
t h a n  v o i c e d  c o n s o n a n t s ,  f o r  b o t h  s e x e s .  F o r  b o t h  m a le s  and 
f e m a le s ,  t h e  b i l a b i a l  c o n s o n a n t s  [p]  and [b ]  i n v o l v e d  s i g n i ­
f i c a n t l y  g r e a t e r  n a s a l  a i r  f lo w  means t h a n  t h e  l i n g u a - v e l a r  
c o n s o n a n t s  [k ]  and [ g ] .
E f f e c t  o f  Vowel C o n t e x t  on C onsonan t  
O r a l  and i a s a l  A i r  f l o w
The se co n d  r e s e a r c h  q u e s t i o n  p o s e d  i n  t h e  p r e s e n t
l u i
s t u d y  was:  How do t h e  vowels  [1 ]  and [ a ]  a f f e c t  volume
r a t e s  o f  c r a l  and  n a s a l  a i r  f lo w  f o r  t h e  s i x  c o n s o n a n t s ?
The s t a t i s t i c a l  a n a l y s e s  r e l e v a n t  t o  t h i s  q u e s t i o n  were t h e  
vowel m a in  e f f e c t ,  t h e  v o w e l - b y - c o n s o n a n t  I n t e r a c t i o n ,  and 
t h e  a s s o c i a t e d  Duncan M u l t i p l e  Range T e s t s .
W ith  r e s p e c t  t o  o r a l  a i r  f l o w ,  t h e  p r e s e n c e  of a 
s i g n i f i c a n t  vowel m ain  e f f e c t  i n d i c a t e d  t h a t ,  when t h e  c o n ­
s o n a n t s  were c o n s i d e r e d  as  a  g r o u p ,  t h e  vowels  d i d  d i f f e r ­
e n t i a l l y  a f f e c t  t h e i r  o r a l  a i r  f l o w .  A n a l y s i s  o f  t h e  vowel 
m a in  e f f e c t  i n d i c a t e d  t h a t ,  when o r a l  a i r  f l o w  m e a s u r e s  were 
a v e r a g e d  o v e r  t h e  s i x  c o n s o n a n t s  and b o th  t y p e s  o f  s y l l a b l e ,  
t h e  c o n s o n a n t s  e v i d e n c e d  a s i g n i f i c a n t l y  g r e a t e r  mean o r a l  
a i r  f lo w  when combined w i t h  [ a ]  t h a n  w i t h  [ 1 ] .  These  f i n d ­
i n g s  a p p e a r e d  t o  b e  i n c o n s i s t e n t  w i t h  t h o s e  of B l a c k  ( ^ ) , 
who r e p o r t e d  no d i f f e r e n t i a l  vowel  e f f e c t  on i n t r a o r a l  a i r  
p r e s s u r e  among t h e  c o n s o n a n t s  be s t u d i e d .  T h e r e  were s e v e r a l  
p o s s i b l e  r e a s o n s  f o r  t h e s e  d i f f e r e n c e s  i n  f i n d i n g s ,  i n c l u d i n g :
(1)  d i f f e r e n c e s  i n  t h e  number and ty p e  o f  c o n s o n a n t s  s t u d i e d ;
(2)  d i f f e r e n c e s  i n  t h e  vowels  u s e d  i n  s y l l a b i c  c o m b i n a t i o n  
w i t h  t h e  c o n s o n a n t s ;  (3)  d i f f e r e n c e s  i n  i n s t r u m e n t a t i o n  
em ployed ;  and (if) d i f f e r e n c e s  i n  t h e  t y p e  o f  m e a su re m e n ts  
made on t h e  c o n s o n a n t s  (B la c k  s t u d i e d  i n t r a o r a l  a i r  p r e s s u r e  
d u r i n g  t h e  i m p l o s i v e  p h a s e  o f  th e  c o n s o n a n t ) .
The p r e s e n c e  o f  a v o w e l - b y - c o n s o n a n t  i n t e r a c t i o n  s i g ­
n i f i c a n t  f o r  b o th  s e x e s  i n d i c a t e d  t h a t  t h e  vowel  i n f l u e n c e  
was n o t  t h e  same f o r  a l l  c o n s o n a n t s  a n d / o r  t h a t  th e  i n d i v i d u a l  
c o n s o n a n t s  were n o t  s i m i l a r l y  r e s p o n s i v e  t o  t h e  vowel I n f l u e n c e .
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A n a l y s i s  o f  t h e  v o w e l - b y - c o n s o n a n t  i n t e r a c t i o n  i n d i c a t e d  
t h a t ,  o f  t h e  s i x  p l o s i v e s  t e s t e d ,  t h e  means f o r  t h e  [ p ] ,  [ t ] ,  
[ k ] ,  and [d ]  sounds  d i f f e r e d  s i g n i f i c a n t l y  a c c o r d i n g  t o  vowel 
c o n t e x t .  I t  a p p e a r e d ,  t h e r e f o r e ,  t h a t  t h e  v o i c e l e s s  c o n s o ­
n a n t s  and t h e  v o i c e d  c o n s o n a n t  [d ]  were more m a r k e d ly  a f f e c t e d  
by vowel c o n t e x t  t h a n  were  t h e  v o i c e d  c o n s o n a n t s ,  [ b ]  and [ g ] . 
I t  was a l s o  o f  i n t e r e s t  t h a t  t h e  mean o r a l  a i r  f l o w  f o r  t h e  
v o i c e l e s s  c o n s o n a n t s  s i g n i f i c a n t l y  e x c e e d e d  t h e  means f o r  th e  
v o i c e d  c o n s o n a n t s  i n  b o t h  o f  t h e  vow el  c o n t e x t s  u s e d  i n  t h i s  
s t u d y .  F u r t h e r ,  f o r  b o t h  s e x e s ,  t h e  c o n s o n a n t  [ t ]  i n  combi­
n a t i o n  w i t h  t h e  vowel [ a ]  i n v o l v e d  a s i g n i f i c a n t l y  g r e a t e r  
mean o r a l  a i r  f l o w  t h a n  any  o t h e r  c o n s o n a n t - v o w e l  c o m b i n a t i o n .
W ith  r e s p e c t  t o  n a s a l  a i r  f l o w ,  t h e  vowel  m a in  e f f e c t  
was s i g n i f i c a n t  f o r  m a l e s ,  b u t  n o t  f o r  f e m a l e s .  F o r  f e m a l e s ,  
t h e r e f o r e ,  t h e  two d i f f e r e n t  vowel  c o n t e x t s  a p p a r e n t l y  d i d  
n o t  have  a  d i f f e r e n t i a l  e f f e c t  on t h e  mean n a s a l  a i r  f l o w  
when t h e  c o n s o n a n t s  were  c o n s i d e r e d  as  a  g r o u p .  F o r  m a l e s ,  
h o w ev er ,  t h e r e  was a  d i f f e r e n t i a l  e f f e c t .  Males employed 
g r e a t e r  n a s a l  a i r  f l o w  i n  t h e  p r o d u c t i o n  o f  c o n s o n a n t s  as  a 
g ro u p  when t h e y  were combined w i t h  t h e  vow el  [ a ]  t h a n  w i t h  
t h e  vowel [ i ] .  The v o w e l - b y - c o n s o n a n t  i n t e r a c t i o n  was n o t  
s i g n i f i c a n t  f o r  e i t h e r  o f  t h e  s e x e s ,  i n d i c a t i n g  t h a t  t h e  
d i f f e r e n c e s  w h ich  e x i s t e d  among t h e  c o n s o n a n t s  when combined  
w i t h  [ i ]  and w i t h  [ a ]  were s i m i l a r  f o r  a l l  t h e  c o n s o n a n t s .
A c o m p a r i s o n  o f  o r a l  and n a s a l  a i r  f l o w  means f o r  
t h e  c o n s o n a n t s  c o n s i d e r e d  as a g ro u p  i n  t h e  t w o  vowel  c o n ­
t e x t s  i n d i c a t e d  t h a t ,  f o r  b o t h  s e x e s ,  p l o s i v e s  p r o d u c e d  w i t h
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( • ]  were  c h a r a c t e r i z e d  by g r e a t e r  o r a l  a i r  f l o w s  t h a n  p l o ­
s i v e s  p ro d u c e d  w i t h  [ 1 ] .  Fo r  m a l e s ,  t h e n ,  p l o s i v e s  com bined  
w i t h  [ a ]  were a s s o c i a t e d  w i t h  g r e a t e r  mean o r a l  and n a s a l  a i r  
f l o w  t h a n  p l o s i v e s  combined w i t h  [ i ] .  For f e m a l e s ,  h o w e v e r ,  
p l o s i v e s  combined w i t h  [ a ]  were a s s o c i a t e d  w i t h  g r e a t e r  n a s a l  
a i r  f l o w  means t h a n  p l o s i v e s  combined  w i t h  [ i ] .  E x a m in a t io n  
o f  t h e  d a t a  s u g g e s t e d  t h e  p o s s i b i l i t y  t h a t  m a le  s u b j e c t s  
a c h i e v e  a t i g h t e r  v e l o p h a r y n g e a l  v a l v e  d u r i n g  p r o d u c t i o n  o f  
c o n s o n a n t s  com bined  w i t h  [ a ]  t h a n  w i t h  [ 1 ] .  F e m a le s ,  on  t h e  
o t h e r  hand ,  seemed t o  a c h i e v e  a  s i m i l a r  v e l o p h a r y n g e a l  v a l v e  
d u r i n g  p r o d u c t i o n  o f  c o n s o n a n t s  combined w i t h  [ i ]  and w i t h  
[ * ] •  T h i s  f i n d i n g  s u g g e s t s  a p o s s i b l e  s e x  d i f f e r e n c e  w i t h  
r e s p e c t  t o  vowel  I n f l u e n c e  on v e l o p h a r y n g e a l  v a l v i n g  d u r i n g  
p l o s i v e  c o n s o n a n t  p r o d u c t i o n .
On t h e  b a s i s  o f  t h e  f i n d i n g s .  I t  seems r e a s o n a b l e  
t o  c o n c l u d e  t h a t :  ( l )  f o r  b o t h  s e x e s ,  p l o s i v e  c o n s o n a n t s ,
c o n s i d e r e d  as  a  g r o u p ,  e v i d e n c e d  g r e a t e r  mean o r a l  a i r  f l o w  
when com bined  w i t h  [ a ]  t h a n  when combined  w i t h  [ 1 ] ;  (2)  f o r  
b o t h  s e x e s ,  v o i c e l e s s  p l o s i v e  c o n s o n a n t s  as  a g r o u p  e v i d e n c e d  
g r e a t e r  mean o r a l  a i r  f lo w  t h a n  v o i c e d  p l o s i v e s  when t h e  
c o n s o n a n t s  were combined  w i t h  [ a ]  t h a n  when t h e y  were com­
b i n e d  w i t h  [ 1 ] ;  (3)  f o r  b o t h  s e x e s ,  o r a l  a i r  f l o w  f o r  
v o i c e l e s s  p l o s i v e  c o n s o n a n t s  a s  a  g ro u p  was more  m a r k e d ly  
a f f e c t e d  by vowel  c o n t e x t  t h a n  o r a l  a i r  f lo w  f o r  v o i c e d  
p l o s i v e  c o n s o n a n t s ;  and ,  (ij.) f o r  m ale  s u b j e c t s ,  p l o s i v e  
c o n s o n a n t s  a s  a  g ro u p  e v i d e n c e d  g r e a t e r  mean n a s a l  a i r  f l o w  
when combined w i t h  [ a ]  them when combined w i t h  [ 1 ] ,  T h i s
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e x p e r i m e n t  f a i l e d  t o  r e v e a l  a s i g n i f i c a n t  d i f f e r e n c e  I n  t h e  
e f f e c t  o f  t h e  two vowels  on n a s a l  a i r  f lo w  f o r  c o n s o n a n t s  
p r o d u c e d  by fem a le  s u b j e c t s .
E f f e c t  o f  S y l l a b l e  C o n te x t  on Consonan t  
Or&l and Kasai Air ftow
A nothe r  m a j o r  a r e a  o f  I n q u i r y  I n  t h i s  s t u d y  c o n c e r n e d  
t h e  e f f e c t  o f  t h e  c o n s o n a n t - v o w e l  (CV) and v o w e l - c o n s o n a n t -  
vowel  (VCV) s y l l a b l e  c o n t e x t s  on c o n s o n a n t  o r a l  and n a s a l  a i r  
f l o w .  The t h i r d  r e s e a r c h  q u e s t i o n  p o s e d  I n  t h i s  s t u d y ,  t h e r e ­
f o r e ,  was:  How d o es  t h e  t y p e  o f  s y l l a b l e  a f f e c t  t h e  volume
r a t e s  o f  o r a l  and n a s a l  a i r  f lo w  f o r  t h e  s i x  c o n s o n a n t s ?
The s t a t i s t i c a l  a n a l y s e s  r e l e v a n t  t o  t h i s  q u e s t i o n  were  t h e  
s y l l a b l e  main e f f e c t ,  t h o  c o n s o n a n t - b y - s y l l a b l e  I n t e r a c t i o n ,  
and t h e  a s s o c i a t e d  Duncan M u l t i p l e  Range T e s t s ,
W ith  r e s p e c t  t o  o r a l  a i r  f l o w ,  t h e  p r e s e n c e  o f  a 
s i g n i f i c a n t  s y l l a b l e  m ain  e f f e c t  I n d i c a t e d  t h a t ,  f o r  b o t h  
s e x e s ,  when o r a l  a i r  f l o w  means were  a v e r a g e d  o v e r  t h e  two 
vow el  c o n t e x t s  and a l l  c o n s o n a n t s ,  t h e  means f o r  c o n s o n a n t s  
I n  CV s y l l a b l e s  were  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  means f o r  
t h e  same c o n s o n a n t s  I n  VCV s y l l a b l e s .
The p r e s e n c e  o f  a c o n s o n a n t - b y - s y l l a b l e  I n t e r a c t i o n  
s i g n i f i c a n t  f o r  b o t h  s e x e s  I n d i c a t e d  t h a t  t h e  d i f f e r e n c e s  
among t h e  o r a l  a i r  f lo w  means f o r  e a c h  o f  t h e  s i x  c o n s o n a n t s  
I n  t h e  two s y l l a b l e  e n v i r o n m e n t s  were  d i s s i m i l a r .  A n a l y s i s  
o f  t h e  d a t a  f o r  t h e  c o n s o n a n t - b y - s y l l a b l e  I n t e r a c t i o n  r e v e a l e d  
t h a t ,  f o r  b o t h  s e x e s ,  t h e  o r a l  a i r  f l o w  means f o r  e a c h  o f  t h e  
s i x  c o n s o n a n t s  were  g r e a t e r  I n  VCV s y l l a b l e s .  I n s p e c t i o n  o f
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t h e  d a t a  I n d i c a t e d  t h a t  v o i c e l e s s  sounds  were a f f e c t e d  some­
what more by t h e  d i f f e r e n c e  i n  s y l l a b l e  c o n t e x t  t h a n  v o i c e d  
c o n s o n a n t s .  I t  was a l s o  fo u nd  t h a t ,  f o r  b o t h  s e x e s ,  one o r  
more means among t h e  v o i c e d  c o n s o n a n t s  were e q u a l  t o  o r  g r e a t ­
e r  t h a n  t h e  mean f o r  t h e  v o i c e l e s s  c o n s o n a n t  [ t ]  w h ich  had 
th e  l a r g e s t  mean o r a l  a i r  f low  i n  VCV s y l l a b l e s .  T h is  
s u g g e s t s  t h a t ,  w h i l e  v o i c e l e s s  sounds  a r e  a s s o c i a t e d  w i t h  
g r e a t e r  o r a l  a i r  f l o w  t h a n  v o i c e d  c o n s o n a n t s  when t h e y  a r e  
c o n s i d e r e d  i n  t h e  same t y p e  o f  s y l l a b l e ,  a  v o i c e d  c o n s o n a n t  
may i n v o l v e  a g r e a t e r  o r a l  a i r  f l o w  when t h e  f o r m e r  i s  
t e s t e d  i n  CV s y l l a b l e s  and t h e  l a t t e r  i s  t e s t e d  i n  VCV 
s y l l a b l e s .
W ith  r e g a r d  t o  n a s a l  a i r  f l o w ,  t h e  s y l l a b l e  main  
e f f e c t  was s i g n i f i c a n t  f o r  f em a le  s u b j e c t s ,  b u t  was n o t  
s i g n i f i c a n t  f o r  m a l e s .  F o r  m a l e s ,  t h e r e f o r e ,  t h i s  e x p e r i ­
ment d i d  n o t  d e m o n s t r a t e  t h a t  t h e  s y l l a b l e  c o n t e x t  d i f f e r ­
e n t i a l l y  a f f e c t e d  n a s a l  a i r  f lo w  f o r  t h e  c o n s o n a n t s  as  a  
g r o u p .  F o r  f e m a l e s ,  p l o s i v e  c o n s o n a n t s  as  a  g ro u p  e v i d e n c e d  
s i g n i f i c a n t l y  g r e a t e r  mean n a s a l  a i r  f lo w  i n  CV t h a n  i n  VCV 
s y l l a b l e s .
When n a s a l  a i r  f l o w  means f o r  t h e  s i x  c o n s o n a n t s  
were  c o n s i d e r e d  i n d i v i d u a l l y ,  a  s i g n i f i c a n t  c o n s o n a n t - b y -  
s y l l a b l e  i n t e r a c t i o n  was fo u n d  f o r  m a l e s ,  b u t  n o t  f o r  f e m a l e s . 
The s y l l a b l e  main  e f f e c t  was s i g n i f i c a n t  f o r  f e m a l e s ,  i n d i ­
c a t i n g  t h a t  t h e  ty p e  o f  s y l l a b l e  c o n t e x t  d i d  d i f f e r e n t i a l l y  
a f f e c t  n a s a l  a i r  f l o w  f o r  t h e  p l o s i v e  c o n s o n a n t s  a s  a  g r o u p .  
The l a c k  o f  a s i g n i f i c a n t  c o n s o n a n t - b y - s y l l a b l e  i n t e r a c t i o n
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f o r  fem a le  s u b j e c t s  I n d i c a t e d  t h a t  th e  d i f f e r e n c e s  be tw een  
t h e  i n d i v i d u a l  c o n s o n a n t  means i n  CV and VCV s y l l a b l e s  were 
s i m i l a r .  F o r  m a l e s ,  how ever ,  t h e  d i f f e r e n c e s  b e tw ee n  th e  
i n d i v i d u a l  c o n s o n a n t  means i n  CV and VCV s y l l a b l e s  were  d i s ­
s i m i l a r ,  e v en  th ough  Lue means f o r  th e  c o n s o n a n t s  as  a g r o u p  
i n  t h e  two t y p e s  o f  s y l l a b l e  were n o t .  A n a l y s i s  o f  t h e  
c o n s o n a n t - b y - s y l l a b l e  i n t e r a c t i o n  f o r  m a le s  i n d i c a t e d  t h a t  
t h e  b i l a b i a l  c o n s o n a n t  [p ]  was m a rk e d ly  a f f e c t e d  by t h e  
s y l l a b l e  c o n t e x t ,  w he reas  t h e  o t h e r  c o n s o n a n t s  were  a f f e c t e d  
v e r y  l i t t l e .
F o r  f e m a l e s ,  g r e a t e r  o r a l  and n a s a l  a i r  f lo w s  
o c c u r r e d  i n  p r o d u c t i o n  o f  c o n s o n a n t s  i n  CV s y l l a b l e s  t h a n  i n  
VCV s y l l a b l e s .  F o r  m a l e s ,  g r e a t e r  o r a l  a i r  f l o w  o c c u r r e d  i n  
p r o d u c t i o n  o f  c o n s o n a n t s  i n  CV s y l l a b l e s  t h a n  i n  VCV s y l l a ­
b l e s ,  b u t  n a s a l  a i r  f l o w  was n o t  d i f f e r e n t i a l l y  a f f e c t e d  by 
s y l l a b l e  c o n t e x t .  On t h e  b a s i s  o f  t h e s e  f i n d i n g s ,  i t  seems 
r e a s o n a b l e  t o  c o n c l u d e  t h a t :  (1)  f o r  b o t h  s e x e s ,  p l o s i v e
c o n s o n a n t s  c o n s i d e r e d  a s  a  g r o u p  d i s p l a y e d  g r e a t e r  mean o r a l  
a i r  f lo w  when p r o d u c e d  i n  CV s y l l a b l e s  t h a n  i n  VCV s y l l a b l e s ;  
(2)  e a c h  o f  t h e  s i x  p l o s i v e  c o n s o n a n t s  t e s t e d  e v i d e n c e d  
g r e a t e r  mean o r a l  a i r  f low  i n  CV s y l l a b l e s  t h a n  i n  VCV 
s y l l a b l e s ;  (3)  o r a l  a i r  f lo w  m e a is  f o r  v o i c e l e s s  p l o s i v e s  
were more m a r k e d ly  a f f e c t e d  by  s y l l a b l e  c o n t e x t  t h a n  t h o s e  
f o r  v o i c e d  p l o s i v e s ;  (i|.) v o i c e l e s s  p l o s i v e  c o n s o n a n t s  e v i ­
denced  g r e a t e r  mean o r a l  a i r  f lo w  t h a n  v o i c e d  p l o s i v e  
c o n s o n a n t s  i n  CV and VCV s y l l a b l e s ;  and  (5)  f o r  t h e  p l o s i v e  
c o n s o n a n t s  c o n s i d e r e d  as  a  g r o u p ,  f e m a le  s u b j e c t s  e v i d e n c e d
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g r e a t e r  mean n a s a l  a i r  f l o w  I n  CV t h a n  i n  VCV s y l l a b l e s .
For  m a l e s ,  how ever ,  t h i s  e x p e r i m e n t  d i d  n o t  r e v e a l  a s i g n i f -  
c a n t  d i f f e r e n c e  i n  t h e  e f f e c t  o f  th e  two s y l l a b l e s  on n a s a l  
a i r  f l o w .  I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e r e  i s  a d i f f e r e n c e  
i n  t h e  way p l o s i v e  c o n s o n a n t s  a r e  p r o d u c e d  i n  CV and  VCV 
s y l l a b l e s  which  r e s u l t s  i n  a c o n s i s t e n t  d i f f e r e n c e  i n  t h e  
r a t e  o f  o r a l  a i r  f l o w  i n v o l v e d  i n  p r o d u c t i o n .
Combined Ef f e c t  o f  Vowel and S y l l a b l e  
on C o n so n a n t  O ral and Ë a s a l  A i r  Flow
The f i n a l  r e s e a r c h  q u e s t i o n  a sk e d  i n  t h e  p r e s e n t  
s t u d y  was:  What i s  t h e  combined e f f e c t  o f  t h e  t y p e  o f
vowel  and  ty p e  o f  s y l l a b l e  c o n t e x t  on t h e  volume r a t e s  o f  
o r a l  and  n a s a l  a i r  f l o w  f o r  t h e  p l o s i v e  c o n s o n a n t s ?  The 
s t a t i s t i c a l  a n a l y s e s  r e l e v a n t  t o  t h i s  q u e s t i o n  were  t h e  
v o w e l - b y - s y l l a b l e  i n t e r a c t i o n ,  t h e  c o n s o n a n t - b y - v o w e l - b y -  
s y l l a b l e  I n t e r a c t i o n ,  and t h e  a s s o c i a t e d  Duncan M u l t i p l e  
Range T e s t s .
W ith  r e s p e c t  t o  t h e  o r a l  a i r  f l o w  d a t a ,  t h e  v o w e l -  
b y - s y l l a b l e  i n t e r a c t i o n  was s i g n i f i c a n t  f o r  b o t h  s e x e s .
T h i s  i n d i c a t e d  t h a t  t h e  e f f e c t  o f  vowel  c o n t e x t  on c o n s o ­
n a n t  o r a l  a i r  f l o w  was n o t  t h e  same i n  t h e  two t y p e s  o f  
s y l l a b l e  c o n t e x t  a n d / o r  t h a t  t h e  s y l l a b l e  e n v i r o n m e n t s  
were  n o t  e q u a l l y  c o n d u c iv e  t o  t h e  o p e r a t i o n  o f  a d i f f e r ­
e n t i a l  vowel e f f e c t .  A n a l y s i s  o f  t h e  d a t a  r e v e a l e d  t h a t  t h e  
o r a l  a i r  f lo w  means a v e r a g e d  o v e r  t h e  s i x  c o n s o n a n t s  d i f f e r e d  
s i g n i f i c a n t l y  a c c o r d i n g  t o  t h e  vow e l  c o n t e x t  i n  CV s y l l a b l e s ,  
b u t  n o t  i n  VCV s y l l a b l e s .  P l o s i v e  c o n s o n a n t s  i n  CV
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s y l l a b l e s  I n  c o m b i n a t i o n  w i t h  [ a ]  ware a s s o c i a t e d  w i t h  s i g ­
n i f i c a n t l y  l a r g e r  o r a l  a i r  f lo w  means t h a n  p l o s i v e s  i n  o t h e r  
s y l l a b l e - v o w e l  e n v i r o n m e n t s .
The s i g n i f i c a n t  n a s a l  a i r  f l o w  f i n d i n g  r e l e v a n t  t o  
t h i s  r e s e a r c h  q u e s t i o n  was t h e  v o w a l - b y - c o n s o n a n t - b y - s y l l a b l e  
i n t e r a c t i o n .  T h i s  i n t e r a c t i o n  was s i g n i f i c a n t  f o r  m a l e s ,  
b u t  was n o t  s i g n i f i c a n t  f o r  f e m a l e s .  The p r e s e n c e  o f  t h i s  
s i g n i f i c a n t  i n t e r a c t i o n  f o r  m a le s  i n d i c a t e d  t h a t  d i f f e r e n c e s  
among t h e  c o n s o n a n t  means i n  t h e  v a r i o u s  s y l l a b l e - v o w e l  
e n v i r o n m e n t s  were n o t  t h e  sam e.  The f i n d i n g s  i n d i c a t e d  t h a t  
t h e  n a s a l  a i r  f l o w  means f o r  t h e  c o n s o n a n t s  [p ]  and [b ]  were  
m a r k e d ly  a f f e c t e d  by  t h e  s y l l a b l e - v o w e l  c o n t e x t ,  w h i l e  t h e  
means f o r  t h e  o t h e r  c o n s o n a n t s  a p p e a r  t o  have  b e e n  a f f e c t e d '  
t o  a  l e s s e r  e x t e n t ,  o r  n o t  a t  a l l .
I t  may be n o t e d ,  w i t h  r e s p e c t  t o  t h e  o r a l  a i r  f l o w  
means f o r  c o n s o n a n t s  i n  CV s y l l a b l e s ,  t h a t  t h e  vowel  a f f e c ­
t i n g  t h e  c o n s o n a n t  means f o l l o w e d  t h e  c o n s o n a n t  i n  t h e  s y l ­
l a b l e ,  Thie f a c t  t h a t  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  i n  
t h e  means f o r  p l o s i v e s  com bined  w i t h  [ a ]  and  w i t h  [ i ]  i n  
CV s y l l a b l e s  s u g g e s t s  t h a t  t h e  vowel  f o l l o w i n g  t h e  c o n s o n a n t  
d i d  have an  e f f e c t  on t h e  a i r  f l o w .  I t  may be  t h a t  t h e s e  
s p e a k e r s  assum ed a p r e p a r a t o r y  s e t  i n  t e r m s  o f  v e l a r  c l o s u r e  
f o r  t h e  vow e l  f o l l o w i n g  t h e  c o n s o n a n t  w h ic h  a f f e c t e d  t h e  
o r a l  a i r  f l o w  f o r  t h e  c o n s o n a n t ,  A s i m i l a r  e f f e c t  was n o t  
d e m o n s t r a t e d  i n  VCV s y l l a b l e s .
On t h e  b a s i s  o f  t h e s e  f i n d i n g s ,  t h e  f o l l o w i n g  c o n c l u ­
s i o n s  a p p e a r  t o  be  j u s t i f i e d :  ( l )  f o r  b o t h  s e x e s ,  t h e  mean
w
o r a l  a i r  f low f o r  t h e  p l o s i v e s  c o n s i d e r e d  as a group  d i f f e r e d  
s i g n i f i c a n t l y  a c c o r d i n g  t o  vowel c o n t e x t  I n  CV s y l l a b l e s ,  b u t  
n o t  I n  VCV s y l l a b l e s ;  (2) f o r  b o t h  s e x e s ,  p l o s i v e  c o n s o n a n t s  
I n  CV s y l l a b l e s  I n  c o m b i n a t i o n  w i t h  [ a ]  were a s s o c i a t e d  w i t h  
a l a r g e r  mean o r a l  a i r  f l o w  t h a n  p l o s l v e b  I n  CV s y l l a b l e s  
w i t h  [1 ]  o r  I n  VCV s y l l a b l e s  w i t h  [1 ]  o r  [ a ] ;  (3)  f o r  m ala  
s u b j e c t s ,  t h e  d i f f e r e n c e s  among t h e  n a s a l  a i r  f lo w  means 
f o r  e a c h  o f  t h e  s I x  c o n s o n a n t s  were  d i s s i m i l a r  I n  the  v a r i o u s  
s y l l a b l e - v o w a l  e n v i r o n m e n t s  s t u d i e d ;  and (1$.) t h e  f a c t  t h a t  
t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  I n  t h e  means f o r  t h e  
p l o s i v e s  combined w i t h  [ a ]  and w i t h  [1 ]  I n  CV s y l l a b l e s  
s u g g e s t s  t h a t  t h e  vowel  f o l l o w i n g  t h e  c o n s o n a n t  d i d  have  an 
e f f e c t  on c o n s o n a n t  a i r  f l o w .
Prob lem s
I n  t h e  c o m p l e t i o n  o f  t h i s  s t u d y ,  a  number o f  p ro b le m s  
w ere  e n c o u n t e r e d  which  m ig h t  p r o f i t a b l y  be  a v o id e d  I n  f u t u r e  
r e s e a r c h .  T h ese  p ro b le m s  r e l a t e  t o  th e  c a l i b r a t i o n  o f  t h e  
pneumoanemometer  u n i t s  and t o  c e r t a i n  a s p e c t s  o f  d a t a  
c o l l e c t i o n .
C a l i b r a t i o n
Some o f  t h e  b a s i c  p r o b le m s  I n v o l v e d  I n  employment o f  
t h e  pneumoanemometer  I n  e x p e r i m e n t a l  r e s e a r c h  I n  sp e e c h  a r e  
a s s o c i a t e d  w i t h  c a l i b r a t i o n .  The m a n u f a c t u r e r ’ s recommended 
p r o c e d u r e  f o r  c a l i b r a t i o n ,  c e r t a i n  l i m i t a t i o n s  o f  t h i s  
p r o c e d u r e ,  and  an a l t e r n a t i v e  c a l i b r a t i o n  p r o c e d u r e  e v o l v e d  
f o r  t h e  p r e s e n t  s t u d y  were d i s c u s s e d  e x t e n s i v e l y  I n  C h a p te r
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I I I .  C e r t a i n  aasu io p t io n a  ware made i n  t h e  c a l i b r a t i o n  
p r o c e d u r e  f o l l o w e d  i n  t h l a  a t u d y ,  ho w ev er ,  w h ich  a h o u ld  be 
c o n s i d e r e d  i n  e v a l u a t i n g  t h e  f i n d l n g a  o f  t h e  a t u d y .
F i r s t ,  t h e  pneumoanemometer i a  a t e m p e r a t u r e  a e n a l -  
t i v a  i n s t r u m e n t ,  and ,  i f  a d i s c r e p a n c y  e x i s t e d  be tw een  t h e  
t e m p e r a t u r e  o f  t h e  a i r  u s e d  i n  c a l i b r a t i o n  and t h a t  e x p e l l e d  
f rom t h e  n o se  and  mouth i n  s p e e c h ,  volume r a t e s  o f  a i r  f l o w  
r e c o r d e d  d u r i n g  sp e ec h  would  be s y s t e m a t i c a l l y  i n  e r r o r .
The e r r o r  i n t r o d u c e d  would  be d i r e c t l y  r e l a t e d  t o  t h e  d i f f e r ­
en ce  i n  a i r  t e m p e r a t u r e  u n d e r  t h e  two c o n d i t i o n s .  I n  t h e  
p r e s e n t  r e s e a r c h .  I t  was assumed t h a t  a i r  e x p e l l e d  f ro m  t h e  
n o se  and  m outh  i n  s p e e c h  was a t  body  t e m p e r a t u r e  and  r e m a in e d  
a t  body  t e m p e r a t u r e  u n t i l  i t  p a s s e d  t h e  pneumoanemometer 
s e n s i n g  w i r e s .  T h e r e f o r e ,  a  t e m p e r a t u r e  c o r r e c t i o n  f a c t o r  
s u g g e s t e d  by t h e  m a n u f a c t u r e r  was u s e d  t o  co m p en sa te  f o r  t h e  
d i f f e r e n c e s  i n  a i r  t e m p e r a t u r e  b e tw e e n  t h e  c a l i b r a t i o n  a n d  
e x p e r i m e n t a l  c o n d i t i o n s .  However, i f  t h e  a i r  e x p en d e d  
d u r i n g  s p e e c h  was n o t  a t  body  t e m p e r a t u r e  a t  t h e  t im e  i t  
p a s s e d  t h e  s e n s i n g  w i r e s ,  t h e  a b s o l u t e  a i r  f l o w  r e a d i n g s  
o b t a i n e d  would be i n  e r r o r  by  one p e r  c e n t  f o r  e a c h  s i x  
d e g r e e s  o f  e r r o r  i n  t h e  t e m p e r a t u r e  d i f f e r e n c e .  I t  i s  p o s s i ­
b l e ,  t h e r e f o r e ,  t h a t  su ch  a s y s t e m a t i c  e r r o r  i n  t h e  a b s o l u t e  
a i r  f l o w  v a l u e s  e x i s t s  i n  t h e  d a t a  r e p o r t e d  f o r  t h i s  r e s e a r c h .  
Second ,  i t  i s  a p p a r e n t  t h a t  t h e  c a l i b r a t i o n  p r o c e d u r e  
u s e d  i n  t  h i s  r e s e a r c h  can  be no more a c c u r a t e  t h a n  t h e  a i r  
volume m e t e r  u t i l i z e d  i n  c a l i b r a t i o n .  The a i r  volume m e t e r  
u t i l i z e d  i n  t h i s  r e s e a r c h  h ad  c e r t a i n  l i m i t a t i o n s  w h ich  may
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have i n t r o d u c e d  e r r o r  In  t h e  r e p o r t e d  f lo w  r e a d i n g s .  I t  was 
n e c e s s a r y ,  f o r  e x am ple ,  t o  d e t e r m i n e  a i r  f low  r e a d i n g s  w i t h  
t h e  m e te r  i n d i c a t o r  i n  m o t i o n .  At h i g h  r a t e s  o f  f l o w ,  an 
a c c u r a t e  r e a d i n g  was somewhat d i f f i c u l t ,  and s m a l l  e r r o r s  
a s s o c i a t e d  w i t h  r e a d i n g  t h e  m e t e r  were u n q u e s t i o n a b l y  p r e ­
s e n t ,  F o r  f u t u r e  r e s e a r c h ,  i t  may be  a d v i s a b l e  t o  c o n s i d e r  
m e t e r s  which  can be r e a d  w i t h  g r e a t e r  a c c u r a c y  a t  h i g h  r a t e s  
o f  f l o w .
T h i r d ,  i t  was n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  e x a c t  
p r e s s u r e  a t  which  t h e  volume r a t e s  o f  a i r  f l o w  r e p o r t e d  i n  
t h i s  s t u d y  were  m e a s u r e d .  The l i n e  p r e s s u r e  was s e t  a t  15 
p s i  i n  t h i s  e x p e r i m e n t ,  and t h e  a i r  volume m e t e r  was d e s i g n e d  
t o  m e a su re  a i r  vo lumes a t  l i n e  p r e s s u r e .  I t  was n o t  p o s s i b l e ,  
how ever ,  t o  m e a su re  t h e  a i r  p r e s s u r e  a t  any p o i n t  i n  t h e  
sy s te m  e x c e p t  i n  t h e  l i n e  l e a d i n g  f rom  t h e  a i r  c o m p r e s s o r  t o  
t h e  a i r  volume m e t e r .  The volume r a t e s  o f  a i r  f l o w  r e p o r t e d  
i n  t h e  p r e s e n t  e x p e r i m e n t  m u s t ,  t h e r e f o r e ,  be  c o n s i d e r e d  i n  
te rm s  o f  s p e c i f i c  l i n e  p r e s s u r e  and t h e  s p e c i f i c  m e t e r i n g  
sy s te m  u t i l i z e d  i n  t h i s  s t u d y .  I n  f u t u r e  r e s e a r c h ,  i t  would  
be w e l l  t o  u t i l i z e  an a i r  volume m e t e r  w i t h  a p r e s s u r e  m e t e r  
so  t h a t  t h e  volume r a t e s  o f  f l o w  c o u l d  be r e p o r t e d  w i t h  
r e s p e c t  t o  t h e  p r e s s u r e  a t  t h e  m e t e r .  F u r t h e r ,  i t  would  
seem d e s i r a b l e  t o  i n s u r e  t h a t  t h e  a i r  p r e s s u r e  a t  t h e  m e t e r  
r e m a in e d  s t a b l e  t h r o u g h o u t  t h e  c a l i b r a t i o n  p r o c e d u r e .  Such  
an a r r a n g e m e n t  would p r o v i d e  a s t a n d a r d  p r e s s u r e - v o l u m e  l e v e l  
w h ich  c o u ld  be  r e a d i l y  d u p l i c a t e d  i n  o t h e r  r e s e a r c h .
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Data  C o l l e c t i o n  
A no the r  p o s s i b l e  s o u r c e  o f  e r r o r  I n  t h e  r e s e a r c h  
d a t a  l e  a s s o c i a t e d  w i t h  t h e  c o l l e c t i o n  o f  d u s t  and  o t h e r  
c o n t a m i n a t i n g  d e b r i s  on t h e  s e n s i n g  w i r e s  d u r i n g  c a l i b r a t i o n  
o r  d a t a  c o l l e c t i o n .  E x p e r i e n c e  w i t h  t h e  I n s t r u m e n t  I n  t h e  
p r e s e n t  s t u d y ,  h o w ev er .  I n d i c a t e d  t h a t  d i r e c t  c o n t a c t  b e tw ee n  
t h e  s e n s i n g  w i re  and any b i t  o f  l i n t  o r  mucus r e s u l t e d  I n  
d r a m a t i c  ch an g e s  I n  t h e  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  s e n s i n g  
w i r e ,  a n d ,  c o n s e q u e n t l y ,  i n  t h e  r e c o r d  o f  a i r  f l o w .  These  
d e v i a t i o n s  were so  m ark ed  as  t o  b e  r e a d i l y  d i s t i n g u i s h e d  
f rom t h e  u s u a l  p a t t e r n  o f  a i r  f l o w  fo u n d  i n  s p e e c h .  I t  may 
a l s o  be n o t e d  t h a t  t h e  c a l i b r a t i o n  o f  t h e  i n s t r u m e n t s  a t  t h e  
t e r m i n a t i o n  o f  d a t a  c o l l e c t i o n  was e s s e n t i a l l y  t h e  same as  
a t  t h e  b e g i n n i n g ,  w h ic h  would i n d i c a t e  t h a t  i f  t h e  s e n s i n g  
w i r e s  h a d  become d i r t y  t h e  e f f e c t  was n o t  s u f f i c i e n t  t o  a l t e r  
n o t i c e a b l y  t h e  c a l i b r a t i o n  o f  t h e  I n s t r u m e n t s ,
A q u e s t i o n  m ig h t  a l s o  be  r a i s e d  c o n c e r n i n g  t h e  e f f e c t  
o f  d i f f e r e n c e s  i n  t h e  a n g l e  o f  a d m i s s io n  o f  t h e  a i r  f l o w  t o  
t h e  pneumoanemometer s e n s i n g  t u b e  on o b t a i n e d  m e a s u r e m e n ts .
I n  t h e  c a l i b r a t i o n  p r o c e d u r e ,  a i r  e n t e r e d  t h e  o r a l  and  n a s a l  
s e c t i o n s  o f  t h e  s e n s i n g  tu b e  o f  t h e  f a c e  mask a t  a  0 °  a n g le  
o f  i n c i d e n c e .  Under e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  a i r  emer­
g i n g  from t h e  nose  was p r o j e c t e d  downward and p r e s u m a b ly  
made an a n g l e d  t u r n  i n t o  t h e  s e n s i n g  tu b e  o f  t h e  pneumoane­
m o m e te r ,  A i r  e x p e l l e d  f rom  t h e  mouth ,  h o w e v e r ,  p r e s u m a b ly  
e n t e r e d  t h e  t u b e  w i t h  a p p r o x i m a t e l y  a 0 °  a n g l e  o f  i n c i d e n c e .  
I t  wou ld  seem p o s s i b l e  t h a t ,  b e c a u s e  o f  t h e  d i r e c t i o n  o f
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f lo w  from th*  n o s t r i l s ,  some u n u s u a l  a i r  c u r r e n t s  witbiln  
t h e  s e n s i n g  tu b e  m ig h t  have  r e s u l t e d .  The e f f e c t  such  
c u r r e n t s  a i igh t  have  on t h e  a c c u r a c y  o f  m easurem ent  o f  volume
r a t e s  o f  n a s a l  a i r  f lo w ,  i f  any ,  i s  a t  p r e s e n t  u n d e t e r m i n e d .
P ro b lem s  a s s o c i a t e d  w i th  f i t t i n g  t h e  pneumoanemo­
m e t e r  f a c e  mask t o  th e  f a c i a l  c o n t o u r s  o f  s u b j e c t s  u t i l i z e d  
i n  t h e  r e s e a r c h  were a l s o  e n c o u n t e r e d .  The s i z e  and sh a p e  
o f  t h e  mask w ere  n o t  a d j u s t a b l e  and  a l t e r n a t e  masks were  n o t  
a v a i l a b l e .  Ho way was f o u n d  t o  i n s u i ' e  t h a t  a i r  was n o t  
e s c a p i n g  a ro u n d  t h e  mask r i m ,  and ,  a l t h o u g h  i n  e v e r y  i n s t a n c e  
t h e  f i t  a p p e a r e d  t o  be a i r t i g h t ,  no way o f  v e r i f y i n g  t h i s  
v i s u a l  i m p r e s s i o n  was f o u n d .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  
t h a t  n o t  a l l  o f  t h e  e x p i r e d  a i r  s t r e a m  p a s s e d  t h e  s e n s i n g
w i r e s  o f  t h e  a n em o m ete rs .
A n o th e r  p rob lem  was a s s o c i a t e d  w i t h  th e  amount o f  
p r e s s u r e  im p o sed  on t h e  u p p e r  l i p  b y  t h e  o r a l - n a s a l  p a r t i t i o n  
o f  t h e  mask.  When t h e  mask was f i t t e d  t i g h t l y  a g a i n s t  t h e  
s u b j e c t ' s  f a c e ,  c o n s i d e r a b l e  f o r c e  was e x e r t e d  a t  t h e  
j u n c t u r e  o f  t h e  upp e r  l i p  and t h e  f l o o r  o f  t h e  n o s e .  T h is  
p r e s s u r e  was n e c e s s a r y  t o  I n s u r e  an  a i r t i g h t  s e a l  b e tw e e n  
t h e  o r a l  and n a s a l  s e c t i o n s  o f  t h e  m ask .  The e x t e n t  t o  
w h ic h  t h i s  p r e s s u r e  i n t e r f e r e d  w i t h  no rm al  l i p  movements 
d u r i n g  t h e  p r o d u c t i o n  o f  t h e  p l o s i v e  sounds  c o u ld  n o t  be 
o b j e c t i v e l y  d e t e r m i n e d .  I t  was n o t e d ,  h o w ev er ,  t h a t  some 
s u b j e c t s  c o m p la in e d  o f  numbness i n  t h e i r  u p p e r  l i p  f o l l o w i n g  
t h e  c o l l e c t i o n  o f  t h e  e x p e r i m e n t a l  d a t a .  The e x t e n t  t o  w h ic h  
a s u b j e c t ' s  a r t i c u l a t i o n  o f  t h e  c o n s o n a n t s  and v o w e ls  can  be
i s k
c o n s i d e r e d  " n o rm a l"  u n d e r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  I s ,  
t h e r e f o r e ,  open t o  q u e s t i o n .
The s t a b i l i t y  o f  t h e  f a c e  mask d u r i n g  d a t a  c o l l e c t i o n  
p o s e d  an a d d i t i o n a l  p r o b le m  I n  t h i s  r e s e a r c h .  A i r  moving 
e i t h e r  I n t o  o r  o u t  o f  t h e  tu b e  c o n t a i n i n g  t h e  s e n s i n g  w i r e s  
w i l l  r e s u l t  I n  a  r e g i s t r a t i o n  o f  a i r  f l o w .  I t  was n e c e s s a r y  
t o  I n s u r e ,  t h e r e f o r e ,  t h a t  t h e  mask was c a r e f u l l y  s t a b i l i z e d  
so  t h a t  o n ly  t h e  a i r  f l o w  e x h a l e d  d u r i n g  s p e e c h  and b r e a t h i n g  
was r e g i s t e r e d  on t h e  c h a r t  r e c o r d .  I t  was d e s i r a b l e ,  t h e r e ­
f o r e ,  t o  c o l l e c t  d a t a  I n  a  room w i t h o u t  s o u r c e s  o f  s t r o n g  
a n d / o r  u n p r e d i c t a b l e  a i r  c u r r e n t s .  While  t h e  a r r a n g e m e n t  
f o r  s t a b i l i t y  o f  t h e  mask e v o lv e d  f o r  t h i s  r e s e a r c h  p r o v e d  
t o  b e  s a t i s f a c t o r y ,  i f  c a r e  i s  n o t  t a k e n  t o  i n s u r e  t h e  s t a ­
b i l i t y  o f  t h e  mask,  a r t i f a c t s  due t o  mask movement c a n  be 
i n t r o d u c e d  i n  t h e  m ea su re m e n ts  o b t a i n e d .
I n  s p i t e  o f  t h e  l i m i t a t i o n s  and p r o b le m s  e n c o u n t e r e d ,  
i t  was f e l t  t h a t  t h i s  s t u d y  d i d  d e m o n s t r a t e  t h e  u s e f u l n e s s  
o f  t h e  h o t - w i r e  anemometer  a s  a m e a s u r i n g  d e v i c e  i n  a n a l y s i s  
o f  t h e  a i r  s t r e a m  i n  s p e e c h .  I t  i s  a n t i c i p a t e d  t h a t  f u r t h e r  
s t u d i e s  o f  b o t h  n o r m a l  and  p a t h o l o g i c a l  s p e e c h  w i l l  be c a r ­
r i e d  o u t  w i t h  t h i s  I n s t r u m e n t a t i o n ,  F o r  e x a m p le ,  t h e  I n s t r u ­
m e n t a t i o n  may p r o v e  u s e f u l  i n  s t u d i e s  o f  t h e  e f f i c i e n c y  o f  
a i r  u t i l i z a t i o n  I n  s p e e c h .  I n  t h i s  r e s p e c t ,  m e a s u r e s  o f  o r a l  
and  n a s a l  a i r  f l o w  f o r  n o r m a l - s p e a k i n g  and s p e e c h  d e f e c t i v e  
s u b j e c t s  m ig h t  be c o m p a red .  I t  I s  a l s o  a n t i c i p a t e d  t h a t  
f u t u r e  r e s e a r c h  w i l l  I n c l u d e  s t u d i e s  o f  s p e e c h  sa m p le s  o t h e r
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t h a n  t h o s e  I n v e s t i g a t e d  in  t h i s  s t u d y .  A i r  f lo w  p a t t e r n s  
o c c u r r i n g  in  p r o d u c t i o n  o f  words and c o n n e c t e d  d i s c o u r s e  m ig h t  
be p r o f i t a b l y  i n v e s t i g a t e d ,  f o r  e x a m p l e . I t  would  a l s o  be o f  
i n t e r e s t  t o  d e t e r m i n e  t h e  e f f e c t s  o f  v a r i a t i o n s  in  v o c a l  
i n t e n s i t y  and p i t c h  on a i r  f lo w  i n  s p e e c h .  I t  i s  e x p e c t e d ,  
t o o ,  t h a t  f u t u r e  r e s e a r c h  w i l l  e x p l o r e  more f u l l y  t h e  a d v a n ­
t a g e s  and  d i s a d v a n t a g e s  o f  v a r i o u s  p o s s i b l e  m e th o d s  o f  a n a ­
l y z i n g  c o n t i n u o u s  and s i m u l t a n e o u s l y  o b t a i n e d  r e c o r d s  o f  o r a l  
and n a s a l  a i r  f lo w  i n  s p e e c h .  F i n a l l y ,  i n  m o d i f i e d  and im­
p r o v e d  f o r m ,  t h e  pneumoanemometer may p r o v e  u s e f u l  c l i n i c a l l y  
in  t h e  d e t e c t i o n  o f  abnoz*mal a i r  f l o w  p a t t e r n s  i n  s p e e c h .
I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  s t u d y  o f  o r a l  a n d  n a s a l  a i r  
f l o w  i n  s p e e c h ,  u t i l i z i n g  t h e  t y p e  o f  i n s t r u m e n t a t i o n  em ployed ,  
s h o u l d  p r o v i d e  many o p p o r t u n i t i e s  f o r  p o t e n t i a l l y  i m p o r t a n t  
i n v e s t i g a t i o n s  in  t h e  f u t u r e .
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65.00
70.60
7 5 .0 0
8 0 .0 0
8 7 .6 0
* T = T r l a l
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TABLE 1 8 . --Raw c a l i b r a t i o n  d a t a  f o r  t h e  n a s a l  s e n a i n g  w i r e
U n i t :  001
P r o b e :  N a sa l
D a ta  C o l l e c t e d  b y : E m anue l , T rubey
Pneumoanemometer S e t t i n g s : Range A Read #1
















L i t e r s / M i n u t e
.... V o l t s  X  100
L i t  e r a / M l n u t  e
.1 2 52 9 .7 0 1 0 .0 1
.26 .26 54 1 0 .8 0 1 1 .2 0
.38 .31 56 1 2 .4 0 1 2 .4 0
.49 .50 58 1 3 .4 0 1 3 .6 0
.58 .60 60 1 3 .6 0 1 3 .8 0
.70 .7 2 62 1 5 .3 0 1 5 .4 0
.88 .9 2 64 1 6 .9 0 1 7 .0 0
1 .1 3 1 .1 5 66 1 7 .2 5 1 7 .7 0
1 .3 1 1 .2 3 68 1 8 .7 0 1 9 .3 0
1 .3 5 1 .5 2 70 2 0 .5 0 2 1 .0 0
1 .7 5 1 .8 0 72 22 .30 2 2 .6 0
1 .9 0 2 .09 74 2 3 .7 0 2 3 .9 0
2.18 2 .3 4 76 ^ . 2 0 2 5 .5 0
2 .4 4 2 .7 3 78 2 7 .0 0 2 7 .9 0
2 .8 0 3 .1 0 80 26 .80 2 9 .5 0
3 .1 4 3 .6 0 82 3 0 .4 0 3 0 .9 0
3 .4 6 3 .8 0 84 3 1 .8 0 3 2 .0 0
4 .1 5 4 .1 5 86 3 4 .1 0 3 4 .5 0
5 . 2 0 4 .7 5 88 3 5 .7 0 3 6 .4 0
5 . 6 0 5 .8 0 90 3 8 .5 0 3 8 .8 0
6 .0 0 6 . 0 0 92 4 1 .0 0 4 1 .2 0
6 .6 0 6 .9 0 94 4 2 . 6O 4 3 .4 0
7 .3 0 7 .5 0 96 4 5 .5 0 4 6 . 1 0
8 .3 0 8 .4 0 98 4 7 .4 0 4 7 .8 0
9 .2 0 9 .2 0 100 5 0 .3 0 5 0 .5 0
* T = T r i a l
163
TABLE 1 9 . - -C o m p u ted  volume r a t e  o f o r a l  a i r  f l o w
V o l t s * L l t e r a / M l n u t e V o l t s L i t e r s / M i n u t e
2 .10 52 1 3 .1 3
k . 2 2 54 1 4 .6 8
6 .3 4 56 1 6 . 4 5
8 .4 8 58 1 8 .1 3
10 .63 60 1 9 .87
12 .7 9 62 2 1 . 6 9
lU .96 64 2 3 .5 9
16 1 . 1 4 66 2 5 .5 6
18 1 .3 3 68 2 7 .6 1
20 1 . 5 4 70 2 9 .7 3
22 1 . 8 2 72 3 1 .9 2
24 2 . 2 2 74 3 4 .1 9
26 2 .6 7 76 3 6 .5 4
28 3 . 1 5 78 3 8 . 9 6
30 3 . 6 8 80 4 1 .4 5
32 4 . 2 4 82 4 3 .6 8
34 4 . 8 4 84 4 7 .7 8
36 5 . 4 9 86 5 2 .0 2
38 6 .1 7 88 5 6 .4 1
40 6 . 9 0 90 6 0 . 9 5
42 6 . 6 4 92 6 5 .6 3
44 7 . 9 9 94 7 0 .4 5
46 9 . 2 2 96 7 5 .4 2
48 1 0 .5 1 98 8 0 .5 3
50 1 1 .8 9 100 8 5 .7 9
* V o l t a g e  I s m u l t i p l i e d  by 100
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TABLE 2 0 ,  — Computed volume r a t e  of  n a s a l a i r  f l o w
V o l t a # L i t e r s / M i n u t e V o l t s L i t e r s / M i n u t e
2 .11 52 1 0 . 0 4
k .22 54 1 1 .0 6
6 .3 4 56 1 2 .1 3
8 .48 58 1 3 .2 4
10 .62 60 1 4 .4 0
12 .76 62 1 5 .6 1
14 .92 64 1 6 .8 7
16 1 . 0 9 66 18 .17
18 1 .2 6 68 1 9 .5 2
20 1 .4 5 70 2 0 .9 2
22 1 .5 8 72 2 2 .3 7
24 1 .9 0 74 2 3 .8 6
26 2 .2 4 76 2 5 .4 0
28 2 .6 1 78 2 6 . 9 8
30 3 .0 1 80 2 8 .6 1
32 3 . ^ 82 3 0 .3 6
34 3 . 8 9 84 3 2 .3 4
36 4 . 3 8 86 3 4 .3 8
38 4 . 8 9 88 3 6 .4 8
40 5 .4 3 90 3 8 . 6 4
42 5 . 6 4 92 4 0 .8 6
44 6 .4 2 94 4 3 .1 3
46 7 . 2 6 96 4 5 .4 7
48 8 .1 4 98 4 7 .8 6
50 9 .0 6 100 5 0 .3 2
->Voltage I s  m u l t i p l i e d  by  100
165




Data Collected by: Emanuel. Vaughn
Pneumoanemometer Settings: Range A Read #1




























1 .5 0  
2 .0 0  
2 . 2 2  
2.38  
2 .7 0  
3 . 1 8
3 .5 0  
3 . 9 2  
4 . 7 2  
5 . 3 0  
5 .6 2  

























1 0 ,3 5
1 0 .9 0









2 4 .5 0  
26.30
2 7 .8 0  
30.00
3 2 . 3 0
3 4 .3 0  
3 6 . 4 0  
38.00
40.80
4 3 . 1 0
46.10
4 8 . 5 0
5 2 .5 0  
5 4 . 2 0
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TABLE 2 2 .- -C o m pu ted  volume r a t e  o f  n a s a l  a i r  f l o w  f o r  t h e
n a s a l  r e p l a c e m e n t  w i re
Volts-: L i t e r s / M i n u t e V o l t s L i t e r s / M i n u t e
2 .11 52 1 0 .3 4
k .23 54 1 1 .4 0
6 .36 56 1 2 .5 1
8 .49 56 1 3 .6 7
10 .63 60 1 4 .8 8
12 .76 62 1 6 .1 4
114- .93 64 1 7 .4 5
16 1 .1 0 66 1 8 .8 0
18 1 .2 7 68 20 .21
20 1.1*4 70 2 1 .6 6
22 1 .7 6 72 2 3 .1 7
2k 2 .1 0 74 2 4 .7 2
26 2 .4 5 76 2 6 .3 2
28 2 .Ô3 76 2 7 .9 7
30 3 .2 3 80 2 9 .6 7
32 3 . 6 6 82 3 1 . 7 6
31̂ i * . l l 84 3 4 .0 0
36 4 .6 0 86 3 6 .3 0
36 5 .1 1 88 3 6 .6 6
ko 5 . 6 4 90 4 1 .0 9
k2 5 . 7 7 92 4 3 . 5 9
kk 6 .5 9 94 4 6 .1 6
k^ 7 .4 5 96 4 8 .6 0
46 8 .3 7 98 5 1 .5 1
50 9 .3 3 100 5 4 .2 8
•Voltage i s  m u l t i p l i e d  by 100
APPENDIX B 
N a a a l  C a l i b r a t i o n  Curva
1 .0 0
00
13.6 2 7 . 1
LITERS/MINUTE
Figure 33,--Calibration curve for the nasal replacement wire
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